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INTEODUCTION. 

Thb  readers  of  a  new  Periodical  are  hirlj  entitled  to  receive  at  the 
hands  of  its  projectors,  not  only  a  statement  of  the  grounds  upon  which 
it  has  been  established,  bnt  also  some  exposition  of  its  intended  scope 
and  objects. 

The  word  "  some/'  is  here  designedly  used,  for  it  is  not  improbable 
that  a  work  of  this  description,  professing  to  keep  pace  with  the  ad- 
vancing intelligence  of  mankind,  and  even,  should  opportunities  pre- 
sent themselves,  to  serve  as  a  pioneer  of  progress,  may  in  the  course  of 
time  become  so  modified  as  materially  to  change  its  character.  And 
as  we  are  fortunately  not  trammelled  by  those  conditions  which  in  the 
commercial  world  frequently  place  limits  upon  a  project  when  it  is 
first  set  on  foot,  we  shall  reserve  to  ourselves  the  right  of  introducing 
amendments,  or  of  supplying  deficiencies  as  our  work  proceeds,  adopt- 
ing the  old  proverb  that "  Times  change,  and  with  them  we  shall  change 
also."  As  this  may  appear  a  somewhat  vague  announcement  of  our 
plans,  we  will  shortly  conduct  our  readers  to  a  standpoint  from  whence 
they  may  obtain  a  survey  of  the  field  of  our  intended  labours,  and  in 
the  meantime  we  would  invite  them  to  follow  us  in  a  few  reflections 
which  have  been  the  cause  of  our  venturing,  at  this  particular  period, 
into  the  ranks  of  literature. 

How  does  it  happen  that  from  the  earliest  ages  of  the  historic  record. 
Art  has  been  a  favoured  o£^ring  of  the  human  intellect,  the  spoiled 
child  of  man,  whilst  to  Science  he  has  been  but  a  sorry  stepfiEither? 
In  his  rudest  stages,  he  wooed  her  favour,  painting  his  own  skin  if  he 
could  paint  nought  else,  and  in  the  palmy  days  of  his  early  civilization 
he  raised  her  upon  a  pedestal  from  which  she  never  descended,  although 
in  the  dark  ages  that  followed,  her  figure  was  for  the  time  obscured. 
Not  so  with  Science.  Her  youthful  steps  have  always  been  watched 
with  jealousy  and  suspicion,  and  instead  of  guidance  and  support,  every 
obstacle  has  been  thrown  in  her  path,  her  grandest  revelations  being 
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frequentlj  held  up  to  scorn  and  obloqny,  and  twisted  and  tortured 
until  they  were  made  to  appear  the  teachings  of  the  Evil  One. 

We  have  bnt  to  place  side  by  side  the  artist  whose  employment  has 
been  to  copy  the  works  of  nature,  and  the  student  who  has  enunciated 
her  laws ;  or  the  modeller  in  stone,  and  the  teacher  of  those  truths 
which  even  stones  reveal ;  and  what  a  contrast  do  they  afford !  The 
labours  of  the  one  have  been  rewarded  with  a  wreath  of  laurel,  whilst 
a  crown  of  thorns  has  ever  fallen  to  the  other's  lot. 

How  is  this  phenomenon  to  be  explained  ?  Can  it  be — and  we 
make  the  inquiry  with  due  appreciation  of  her  elevating  tendencies- 
can  it  be  that  the  ways  of  Art  are  elastic  and  accommodating,  and  that 
without  distinction  of  sect  or  creed,  she  has  always  been  the  servant 
of  Theology,  doing  duty  alike  for  Hebrew  and  Greek,  Mahommedan 
and  Christian,  whilst  Science  has  held  aloof  from  all  these  denomina- 
tions and  has  walked  only  with  the  religion  taught  by  nature  ?  Or  is 
it  that  the  truths  of  Science  can  only  be  understood  and  appreciated 
by  the  cultivated  intellect,  whilst  the  beauties  of  Art  impress  them- 
selves upon  the  unaided  sense  ? 

We  refrain  from  pressing  the  inquiry  farther,  lest  it  be  ima- 
gined that  we  would  seek  to  elevate  our  mistress  at  the  expense  of  a 
sister,  or  that  we  are  assuming  a  petulant  tone  and  an  attitude  of 
hostility  towards  one  with  whom  we  desire  to  walk  hand  in  hand,  and 
to  whom  also  our  co-operation  is  daily  becoming  more  indispensable. 

Leaving  our  readers,  then,  to  work  out  the  problem  for  themselves 
as  regards  the  past,  we  proceed  to  inquire  whether  the  existing  state 
of  things  holds  out  a  more  hopeful  prospect  to  Science  and  her 
votaries ;  and  here  the  replies  are  sufficiently  plain  and  satisfekctory. 

A  certain  amount  of  scientific  knowledge  is  now  absolutely  neces- 
sary to  men  of  all  ranks,  and  forms  an  essential  element  in  a  liberal 
education.  The  influence  of  scientific  discovery  is  becoming  daily 
more  powerfrd,  and  is  making  itseK  felt  in  almost  every  vocation  of 
life.  Science  not  only  succours  the  wounded  on  the  battle-field, 
but  without  her  powerful  aid,  bravery  is  of  no  avail  in  the  Groneral, 
nor  in  the  ranks.  The  loud  and  fluent  tongue  of  the  pleader  may  seek 
to  persuade,  but  without  the  unobtrusive  evidence  of  the  man  of  science 
it  foils  to  convince.  The  tiller  of  the  soil  may  labour  unremittingly 
with  his  hands,  and  waste  the  sweat  of  his  brow,  but  his  neighbour 
looks  on,  smiling,  and  lets  the  steam-engine  perform  his  work  more 
speedily  and  at  a  smaller  cost.  And  so  it  is  everywhere, — ^in  the  fac- 
tory or  mine,  in  the  university  or  schoolroom,  in  the  world  of  plea- 
sure as  in  the  world  of  pain. 

It  is  true  that,  for  the  moment,  a  few  theologians  and  politicians 
are  inclined  to  underrate  her  influence,  and  even  in  some  instances  to 
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close  their  ears  to  lier  teaobings,  but  these  are  exceptional  cases,  and 
those  who  '*  waste  their  philosophic  pains  "  in  thus  endeavouring  to 
stem  the  tide  of  progress,  will  one  day  find  themselves  driflbing  alone 
down  the  current  with  which  they  might  have  sailed  in  the  company  of 
their  fellow-travellers  on  the  way  to  Tmth. 

Scientific  knowledge  is  now  eagerly  sought,  and  its  possessors  are 
respected.  Here  and  there  a  few  impetuous  workers  or  thinkers  give 
utterance  to  tenets  which  shock  the  temperate  and  cautious,  and  lead 
the  pious  to  believe  that  another  golden  calf  is  about  to  be  set  up  for 
wor^p ;  but  these  are  the  exceptions,  and  compared  with  Theology 
and  Politics,  Science  has  but  few  extremists.  As,  however,  her 
devotees  are  rather  men  of  thought  and  action  than  of  wordy  elo- 
quence, they  are  often  less  appreciated  than  the  fruits  of  their  labours, 
and  thus  it  happens  that  the  astute  politician  or  the  talented  historian 
may  edge  his  way  on  to  the  Treasury  Bench,  or  arrive  at  the  dignity 
of  a  Peerage,  and  the  eloquent  Theologian  may  succeed  in  reaping 
a  Bishopric,  whereas  the  able  man  of  science  whose  labours  have 
changed  the  destiny  of  nations,  or  who  has  given  a  new  direction  or 
a  £resh  impulse  to  the  course  of  civilization,  must  content  himself 
with  a  Knighthood,  or  declining  that,  must  rest  satisfied  with  the 
honourable  letters  affixed  to  his  name  by  his  fellow-labourers,  and 
leave  it  to  posterity  to  raise  an  enduring  monument  to  his  memory. 

Still,  as  we  have  said.  Science  is  beginning  to  exercise  a  potent 
influence  in  every  circle  of  society,  and  not  only  does  she  reckon 
amongst  her  followers  multitudes  of  the  labouring  classes  (so  many, 
indeed,  that  it  has  been  found  necessary  to  organize  a  special  depart- 
ment and  machinery  in  the  State  to  aid  them  in  the  pursuit  of  this 
species  of  knowledge),  but  even  lords  and  statesmen  who  had  pre- 
viously bestowed  all  their  favours  upon  the  nurseries  of  literature,  are 
now  beginning  to  cast  tender  glances  upon  Schools  of  Science,  and 
other  similar  institutions.  The  discoveries  of  unwearying  investiga- 
tors, too,  and  the  explorations  of  bold  adventurers  on  the  earth  or  sea, 
or  in  the  air,  are  no  longer  published  in  ponderous  tomes  and  modest 
"brochures,"  but  find  a  rapid  utterance  in  special  periodicals,  and 
even  in  the  flying  sheets  of  the  daUy  press, — those  great  organs  of 
public  opinion  without  which  no  man  can  live  the  life  of  the  nine- 
teenth century. 

Thus  much  by  way  of  prefiEice  to  the  consideration  of  the  present 
state  of  Scientific  knowledge ;  but  if,  from  a  theme  so  noble  and  in- 
spiring, we  have  been  able  to  derive  so  little  eloquence,  what  words 
shall  we  find  to  plead  our  own  cause  ?  As  we  approach  the  subject, 
we  feel  as  does  the  candidate  for  public  su&age,  who  comes  before 
the  ccmstituency  primed  with  eloquent  appeals  and  telling  periods, 
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bnt  who,  when  he  sees  the  crowd  of  cnrions  nptomed  faces,  concealing 
tongues  ready  to  applaud,  but  equally  prompt  to  hiss,  finds  that  his 
labelled  sentences  are  gone,  and  with  them  his  courage  to  seek  fresh 
ones. 

Let  us,  then,  be  brief. 

We  have  been  told  by  men  in  every  walk  of  life,  that  the  time  is 
come  when  Science  may  claim  for  herself  a  special  organ ;  that  not 
alone  scientific  readers,  but  those  of  every  class,  desire  to  approach 
the  source  from  whence  this  species  of  knowledge  is  derived, — ^to  learn 
in  which  direction  the  current  flows,  and  how  it  is  likely  to  affect  their 
material  interests  or  questions  bearing  upon  their  eternal  happiness. 

To  supply  such  a  want  is  a  truly  ambitious  aim,  and  one  which, 
we  do  not  hesitate  to  confess,  we  should  never  have  proposed  to  our- 
selves had  we  not  been  first  assured  of  the  co-operation  of  those  whose 
powers  alone  are  equal  to  its  accomplishment. 

With  men  illustrious  in  Science,  ready  to  avail  themselves  of  these 
pages  as  a  medium  of  communication  with  the  public,  and  to  many  of 
whom  we  acknowledge  ourselves  already  indebted,  both  for  friendly 
counsel  and  for  active  co-operation,  we  now  set  out,  fall  of  hope  and 
confidence ;  and  before  giving  place  to  those  whose  words  will  have 
much  weight,  and  whose  teachings  cannot  fail  to  exercise  a  beneficial 
influence,  we  invite  our  readers  to  advance  a  few  paces  with  us,  to  an 
eminence  from  which  we  may  be  enabled  to  point  out  to  them  some  of 
the  more  prominent  farmsteads  on  the  surrounding  fields  of  Science, 
where  the  labourers  are  to-day  busy  sowing  or  reaping,  enriching  old, 
or  winning  new  pastures. 

This  figurative  remark  naturally  leads  us  to  the  consideration  of 
one  or  two  of  the  more  prominent  features  in  connection  with  the 
Science  and  practice  of  Agriculture  as  they  are  to-day  presented  to 
our  notice ;  and,  perhaps,  no  subject  is  more  deserving  of  attention 
at  our  hands  than  the  Drainage  and  Cultivation  of  land. 

It  is,  probably,  unknown  to  the  large  majority  of  our  readers,  that 
a  legislative  enactment  was  passed,  a  few  years  since,  called  the 
"  Land  Drainage  Act,"  the  object  of  which  was  to  enable  proprietors 
of  arable  and  pasture  land  situated  in  valleys  or  level  districts  more 
effectually  to  drain  such  land  by  the  acquisition  of  a  convenient  access 
to  what  are  termed  the  arterial  drains  (the  smaller  streams  and  rivers) ; 
in  fact,  to  give  them  what,  in  the  railway  world,  would  be  called 
'*  running  powers  "  for  a  drain  through  a  neighbour's  estate. 

When  they  are  informed  that  by  improved  drainage  the  rental  of 
some  kinds  of  land  may  be  raised  from  58.  or  6^.  to  408.,  or  even  508, 
an  acre,  whilst  the  poorer  soils  are  capable  of  being  enhanced  four- 
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fold,  our  readers  will  perceive  this  moyement  to  be  one  of  great 
practical  importance.  To  do  our  English  landowners  and  farmers 
justice,  it  would  appear  that  they  have  always  been  willing  to  grant 
this  accommodation  to  a  neighbour,  but,  owing  to  the  laws  of  entaU 
and  other  conditions  of  society,  this  has  been  but  a  fleeting  privilege, 
and  should  the  obliging  neighbour  die,  and  be  followed  in  the  posses- 
sion of  his  estates  by  one  less  accommodating,  the  outlet  might  at  any 
moment  be  blocked  up  or  otherwise  intercepted,  and  then  the  owner 
of  the  drained  land  would  have  no  power  to  cause  it  to  be  cleared  or 
reconstructed. 

Several  previous  attempts  had  been  made  to  remedy  this  evil  by 
legislative  enactments,  all  of  which  proved  fotile ;  but  under  the  new 
Act  (which  appears  to  have  objectionable  as  well  as  advantageous 
features)  a  local  Board  may  now  be  formed,  having  power  to  assess  a 
rural  district  precisely  as  in  the  case  of  a  "  commission  of  sewers." 
The  method  by  which  it  is  intended  to  improve  the  drainage  of  land 
is  by  doing  away  with  those  mill-dams  which  interfere  with  the  free 
current  of  an  arterial  drain,  as  well  as  through  the  utilization  of  others 
by  which  the  flow  is  &cilitated ;  by  collecting  and  storing  up  surplus 
water,  and  preserving  it  for  seasons  of  drought ;  and  pumping  stag- 
nant water  by  mechanical  power  from  low  to  high  levels,  and  thence 
directing  it  into  arterial  drains.  To  attain  these  objects,  it  is  requisite 
to  secure  the  hearty  co-operation  of  whole  agricultural  districts,  and 
owners  of  land  should  not  look  to  their  own  immediate  interests 
alone,  but  should  consider  the  wel&re  of  their  neighbours  and 
posterity. 

The  promoters  of  such  movements  as  these  will  find  us  ever  ready 
to  advocate  their  cause  and  give  publicity  to  their  reasonable  sug- 
gestions.* 

But  good  drainage  alone  is  not  a  sufficient  preparation  of  the  soil 
for  the  reception  of  the  parent  seed ;  deep  and  constant  furrowing  are 
also  requisite,  and  for  this  purpose  steam  is  rapidly  and  advan- 
tageously superseding  horse-power.  The  work  is  accomplished  more 
efficiently  and  speedily,  and  there  are  descriptions  of  soil,  and  seasons 
when  it  would  be  absolutely  ruinous  to  allow  horses  to  tread  the  land 
whilst  dragging  the  plough,  whereas  no  obstacle  whatever  is  opposed 
to  steam  traction.  Indeed,  the  substitution  of  the  latter  for  the  former 
has,  no  doubt,  frequently  gained  a  season  to  the  farmer,  as  his  improved 
harvesting  implements  have  saved  him  a  valuable  crop. 

It  is  hardly  needful  to  add,  that  with  improved  drainage  and  culr 
tivation  of  the  soil,  the  &rmer  secures  more  valuable  produce.    Light, 

♦  Mr.  J.  Bailey  Denton   has  been  most  active  in  bringing  abont  improved 
drainage!,  and  in  procuring  enactments  for  the  purpose. 
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scanty  grain  gives  place  to  the  full  ricb  ear,  and  succnlent  grasses  and 
clovers  supplant  the  poorer  kinds ;  in  fiEMst,  the  "  conditions  of  exist- 
ence "  are  altered,  and  the  weed  no  longer  jfinds  a  genial  bed.  The 
soil  prepared,  we  next  come  to  the  seed ;  and  here,  too,  the  agricnl- 
turist  has  enUsted  science  in  his  cause.  Two  attempts  are  being 
made  to  increase  the  produce  of  cereals ;  one  by  the  use  of  ^diat  is 
termed  "  pedigree  seed ; "  that  is,  a  seed  derived  from  repeated  selec- 
tions of  the  finest  ears — the  original  parent  being  an  ear  of  great  size 
— by  artificial  selection,  in  fact ;  the  other  by  artificial  fructification. 
Our  limited  space  will  not  permit  us  to  dwell  upon  either  of  these 
systems,  which  will  probably  be  treated  in  detail  hereafter  by  abler 
pens  than  ours;  and  we  must  refer  to  the  furmer's  last  trouble — 
save  and  except  the  conversion  of  his  harvest  into  gold,  in  which 
process  he  stands  in  need  of  other  speculations  than  those  of  scien- 
tific men — we  mean  the  saving  of  his  produce,  or,  we  mi^t  almost 
say,  the  conquest  of  the  elements. 

The  improvements  which  are  daily  taking  place,  to  enable  him  to 
expedite  and  cheapen  his  harvest  operations,  deserve,  and  will  receive 
a  special  place  with  us.  The  reaping  and  mowing  machines  which 
have  been  some  time  in  use  in  America  are  now  approaching  per- 
fection in  England,  and  the  haymaking  machine  has  already  rescued 
many  a  crop  that  would  otherwise  have  been  sacrificed.  A  little 
more  speed ;  a  few  more  applications  of  scientific  principles ;  and  the 
£u*mer  may  defy  or  wield  the  weather  as  he  already  manipulates  and 
utilizes  the  soil. 

But  whilst  the  agriculturist  turns  with  disfavour  from  the  time- 
honoured  running  stream,  and,  pronouncing  water-wheels  a  nuisance, 
calls  in  the  aid  of  the  steam-engine  to  every  portion  of  his  rapidly- 
progressing  work,  a  leading  mechanician  steps  forward,  and  warns  us 
of  the  necessity  of  economizing  coal  and  of  utilizing  water-power,  lest 
the  supply  of  the  former  should  become  exhausted.  In  his  opening 
address,  the  President  of  the  British  Association  startled  the  world, 
and  more  especially  the  geological  world,  with  the  announcement, 
that  should  the  consumption  of  coal  increase  at  its  present  rate, 
two  centuries  only  will  be  the  duration  of  the  supply  from  the  North 
Country  coal-field ;  and  that,  if  no  greater  economy  be  exercised  than 
at  present,  a  hundred  years  will  suffice  to  bring  about  this  result. 

Whatever  may  be  the  value  of  this  speculation,  its  propounder  has 
been  led  by  the  consideration  of  the  subject  to  practical  conclusions, 
perhaps  not  novel  ones,  but  of  great  importance  to  the  community,  in 
regard  to  the  present  mode  of  employing  this  precious  fuel.  He  has 
shown  that  improved  machinery,  a  better  aiTangement  of  the  fire- 
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grate,  and  an  easy  mefhod  of  firing,  would  not  only  economize  its 
consumption  to  an  fdmost  incredible  degree,  but  that  the  inhabitants 
of  cities  wonld  be  spared  the  annoyance  and  inconvenience  of  a 
vitiated  atmosphere.  Even  in  onr  present  fireplaces,  he  tells  ns, 
we  consmne  five  times  as  mnch  coal  as  would  be  reqmsite  in  a  pro- 
perly constracted  stove  or  improved  open  fireplaces. 

As  regards  the  snbstitntion  of  stoves  for  firesides,  we  suspect  that 
onr  countrymen  would  rather  dispense  with  coal  altogether  and  return 
to  the  days  of  wood  and  turf^  than  allow  such  an  innovation ;  but,  as 
we  shall  have  occasion  to  show  hereafter,  striking  improvements  are 
being  introduced  into  the  construction  of  land  and  marine  engines, 
which  herald  a  constantly  increasing  economy  in  the  consumption 
of  coal. 

It  would  appear,  however,  from  the  opinions  expressed  by  ex- 
perienced practical  geologists,  that  it  is  difficult  at  present  to  estimate 
even  the  exact  area  of  our  English  coal-beds,  and  it  is  believed  that 
the  fields  now  worked  will  yield  a  sufficient  supply  of  fuel  to  last 
nearly  a  thousand  years.*  • 

Leaving  this  subject,  we  have  now  to  observe  that  the  exploration 
of  one  new  field  has  already  produced  results  almost  as  startling,  and 
certainly  not  less  useful  than  the  speculations  of  Sir  William  Arm- 
strong. In  sinking  a  shaft  at  Middlesborough,  for  the  purpose  of  ob- 
taining a  supply  of  fresh  water,  Messrs.  Bolckow  and  Vaughan,  the 
enterprising  pioneers  of  the  coal  and  iron  trade  in  that  district,  were 
so  fortunate  as.  to  discover  at  a  depth  of  twelve  hundred  and  six  feet, 
in  the  Trias,  or  New  Bed  Sandstone  formation,  a  deposit  of  rock  salt, 
which,  in  August  last,  had  been  penetrated  to  the  depth  of  nearly 
one  htmdred  feet,  without  its  lowest  limit  having  been  reached ;  and 
the  brine,  which  was  found  to  contain  ninety-six  per  cent,  of  chloride 
of  sodium,  has  been  pronounced  by  an  experienced  chemist  to  be 
purer  than  that  of  Cheshire. 

It  is  almost  impossible  for  persons  unacquainted  with  the  mineral 
and  manufacturing  industries  of  Northumberland  to  form  any  con- 
ception of  the  importance  of  this  discovery. 

Hitherto,  the  soda  manufSacture  of  the  Tyne  has  been  entirely 
dependent  for  its  supply  of  salt  (from  which  the  various  preparations 
of  soda  are  manufactured)  upon  the  brine-springs  of  CSheshire  and 
Worcestershire,  and  from  these  two  coxmties  at  least  one  hundred 
thousand  tons  of  salt  have  been  conveyed  annually,  at  a  cost,  in  some 
cases,  for  exceeding  the  value  at  the  works,  of  the  mineral  itself. 
Should  the  Cleveland  salt-beds  prove  productive,  the  Newcastle  soda 

*  For  farther  information  on  this  topic,  we  refer  onr  readers  to  an  article  in  the 
present  niunber,  on  the  **  Coal  Besonrces  of  Great  Britain/*  by  Mr.  £.  Hull. 
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makers  will,  of  course,  be  greatly  benefited,  and  will  compete  more 
successfully  than  they  do  at  present  with  the  Lancashire  manufac- 
turers for  the  supply  of  all  the  western  markets. 

As  to  the  fortunate  ironmasters,  they  will  not  only  have  found  an 
imexpected  mine  of  wealth  in  the  salt-beds,  but  in  the  evaporation  of 
the  brine,  they  will  be  enabled  to  utilize  the  waste  heat  from  their 
puddling  and  blast  furnaces,  as  well  as  from  their  coke-ovens ;  thus 
adding  profit  to  profit,  and  carrying  out  in  an  unexpected  manner  the 
economical  principles  recommended  by  the  President  of  the  British 
Association. 

Closely  allied  to  the  question  of  Coal,  is  that  of  Petroleum  ^a 
natural  product  which  is  likely  to  exercise  an  important  influence  upon 
civilization.  This  hydro-carbon,  some  forms  of  which  have  long  been 
known  in  India,  has  recently  been  found  to  exude  from  certain  wells 
or  springs  in  Pennsylvania  and  Canada,  It  is  supposed  to  arise  from 
the  destructive  distillation  of  a  mineral  bitmnen  beneath  the  surfSsice, 
and  on  reaching  the  hand  of  man,  it  is  subjected  a  second  time  to  the 
distilling  process,  whou  it  yields  three  distinct  substances  of  consider- 
able value.  The  first  is  a  spirit,  which  is  employed  as  a  cheap  substi- 
tute for  turpentine :  the  second,  a  burning  oil  of  great  brilliancy, 
capable  of  being  used  in  lamps  of  an  almost  nominal  value,  and  itself 
procurable  at  an  average  price  not  exceeding  half  that  of  rape-oil  ;*  and 
lastly,  a  kind  of  grease  which  is  employed  for  lubricating  coarse  ma- 
chinery. The  importation  of  this  substance  (chiefly  in  its  distilled 
form)  is  increasing  rapidly,  and  may  be  reckoned  by  millions  of  gal- 
lons, and  almost  the  only  thing  requisite  to  enable  it  to  rank  amongst 
our  leading  commercial  staples,  is  an  inexpensive  air-tight  cask,  in 
which  it  may  be  stored,  so  as  to  obviate  the  enormous  leakage  which 
often  causes  it  to  be  a  ruinous  venture  to  importers  and  dealers. 

These  are  but  two  or  three  of  the  interesting  results  or  applications 
of  that  geological  knowledge,  the  development  of  which  must  neces- 
sarily occupy  a  prominent  place  in  our  pages ;  and  being  of  a  prac- 
tical character,  we  have  selected  them  for  comment,  in  preference  to 
those  which  bear  upon  the  principles  of  the  science  itself,  such  as  the 
Origin  of  Hocks,  Earthquakes,!  the  Palasontological  Evidences  as  to 
the  Antiquity  of  the  Human  Bace,  and  many  other  subjects  which  are 
now  engaging  the  attention  of  scientific  men. 

Before  quitting  terra  Jirma  to  follow  the  researches  of  Science  into 
space,  we  must  direct  our  attention  for  a  few  moments  to  the  work  of 

*  The  wholesale  price  of  the  finest  Petroleum  Oil  is  now  (November)  one 
shilling  and  ninepence  per  gallon ;  of  Eape  or  Colza  Oil,  three  shillings  and  eight- 
pence  per  gallon. 

t  On  this  subject,  an  article  will  be  found  in  the  present  number,  by  Mr.  Mallett. 
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Geographical  Exploration,  a  subject  of  great  interest  in  all  literary, 
scientific,  and  political  circles. 

A  new  era  is  dawning  npon  the  profession  of  the  traveller,  and 
those  attributes  which  found  their  embodiment  in  the  fictitious  but 
far-fiBuned  G^erman  Baron  Munchausen,  are  fast  giving  place  to 
scrupulous  care  and  accuracy  in  the  description  of  places,  and  great 
modesty  in  the  narrative  of  personal  adventures. 

This  change  is  due  in  part  to  the  general  difiiision  of  know- 
ledge amongst  the  masses,  which  enables  men  more  readily  to  detect 
error  and  exaggeration ;  partly  to  the  progress  of  the  photographic  art,* 
which  is  incapable  of  misrepresentation,  and  in  a  large  measure  to  that 
wholesome  competition  amongst  travellers  themselves,  which  soon 
leads  to  the  contradiction  or  verification  of  strange  and  novel  dis- 
coveries. Amongst  those  who  haye  earned  for  themselves  a  reputation 
for  bravery  and  endurance,  and  who  at  the  same  time  set  an  example  of 
the  virtue  of  modesty  in  the  traveller,  are  the  discoverers  of  the  Source 
of  the  Nile,  and  the  explorers  of  Central  Australia. 

It  would  be  impossible  for  us  even  to  refer  to  the  adventures  of 
Speke  and  Grant  on  their  journey  from  Zanzibar  to  Lake  Nyanza,  where 
the  Source  of  the  Nile  was  discovered,  and  thence  down  the  great 
river  into  civilized  AMca.  Their  discoveries  have  been  aptly  com- 
pared by  Mr.  Grawfiird  to  those  of  Columbus,  and  the  practical 
benefits  which  are  likely  to  follow  them  through  the  introduction  or 
improved  cultivation  of  useftd  products  of  the  soil,  and  the  civilization 
of  barbarous  peoples,  will,  in  this  case  as  in  that  of  Burke  and  Wills, 
recompense  the  world  for  the  loss  of  many  of  its  best  sons  in  the  ser- 
vice of  exploration. 

But  whilst  we  g^ve  a  meed  of  praise  to  these  adventurous  tra- 
vellers, we  consider  it  right  also  to  inquire  whether  or  not  the 
governments  of  civilized  Europe,  and  more  especially  our  own  legis- 
lators, are  bearing  their  share  of  the  burden,  and  extending  a  fair 
amount  of  support  to  those  who  risk  their  lives  in  the  cause  of 
civilization. 

This  question  will  be  answered  best  by  a  reference  to  what 
is  passing  in  those  regions  of  Western  Equatorial  A^ca  which  have 
so  long  been  the  seat  of  the  slave-trade  and  of  human  sacrifices.  His 
Majesty  the  King  of  Dahomey  must  begin  to  have  an  elevated 
notion  of  his  own  importance,  as  traveller  after  traveller,  and  one  re- 
presentative after  another  from  the  Courts  of  Europe,  solicits  his 
permission  to  visit  him,  and  to  remonstrate  with  him  upon  the  errors 

*  No  traveller  can  plead  the  exciue  that  photography  is  difiQcultof  application, 
after  what  was  accomplished  by  Professor  Piazzi  Smyth,  at  an  altitude  of  10,700  ft. 
above  the  sea  level,  during  the  Teneriffe  expedition. 
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of  his  ways ;  and  if  these  nmnerons  Tisits  have  brought  abont  no 
other  improyement  in  the  nntntored  mind  of  the  sable  despot,  thej 
have  at  least  imparted  to  it  diplomatic  powers  which  would  reflect 
credit  upon  anj  Enropean  autocrat.  It  is  quite  amnsing  to  ob- 
serve how  he  "  cnts  his  cloth  according  to  his  pattern,"  flattering 
one  trayeller  and  slighting  another,  as  the  force  of  circumstances 
may  direct. 

Amidst  the  conflicting  accounts  received  from  Wilmot,  Burton, 
Craft,  and  Gerard,*  it  is  dif&cult  to  form  a  coxrect  estimate  of  his  cha- 
racter, but  a  compariBon  of  the  narratives  of  all  these  travellers,  with 
that  of  Speke  and  Grant  concerning  the  kings  on  the  route  taken  by 
them,  leaves  but  little  doubt  that,  in  conmion  with  that  of  most  of 
these  sable  monarohs,  his  every-day  rule  is  characterized  by  cruelty, 
superstition,  avarice,  and  almost  every  conceivable  form  of  licen- 
tiousness and  oppression. 

Why,  then,  are  our  statesmen  so  delicate  in  their  interference  or 
non-interference  in  the  internal  affairs  of  Dahomey?  Oude  was 
swallowed  at  a  single  mouthful,  as  an  inconvenient  neighbour  in 
India ;  and  Japan  and  China  were  pierced  to  the  very  centre  to  com- 
pel their  peoples  to  listen  to  the  voice  of  European  civilization 
and  open  their  ports  to  western  trade.  Why  are  our  French  allies 
so  characteristically  polite  towards  the  slave-dealing  King  of  Daho- 
mey, whilst  the  rulers  of  Mexico  are  made  to  flee  before  their  vic- 
torious arms,  to  avenge  the  injured  honour  of  France,  and  to  compel 
redress  for  the  private  grievances  of  her  subjects  ?  The  reply  is  a 
simple  one,  and  is  furnished  to  us  by  our  neighbours  themselves — "  Le 
jeu  ne  vaut  pas  la  chandeUe," 

Ministers  may  bestow  a  few  hundreds  of  pounds  upon  such  a  cause, 
and  may  compensate  for  the  small  expenditure  of  funds  by  a  lavish 
supply  of  letters  of  introduction  ;  but  is  it  worth  while,  they  ask 
themselves,  to  make  war  for  an  idea — the  suppression  of  the  slave- 
trade — ^when  the  material  result  will  be  an  improved  supply  of  ivory 
or  palm  oil,  or  a  small  addition  to  our  importation  of  cotton  wool  ? 

Were  the  supply  of  tea  (or  the  demand  for  opium)  likely  to  be 
affected,  or  if  some  great  semi-civilized  nation  were  to  be  coerced  into 
buying  cotton-cloths,  then  no  sacrifice  of  men  or  money  would  be  con- 
sidered too  great  until  the  desired  end  was  attained ;  but,  in  the  mean- 
while, Zoological  and  Greographical  Societies  and  private  individuals 
are  compelled  to  support  enterprising  adventurers  in  their  efforts  to 
reclaim  the  waste  places  of  the  earth,  whilst  statesmen  hold  aloof 
until  the  bold  pioneer  has  broken  a  gap  in  the  hedge,  perhaps  at  the 

*  From  whom   an  interesting  communication  will  be  found  in  tlie  present 
number. 
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cost  of  his  life,  and  then  they  follow  slowly  and  cautiously  to  plant 
the  national  standard. 

Some  day  it  may  bo  fonnd  politic  for  Groyemments  to  take  the 
initiative  in  snch  matters,  and  meanwhile  exploring  expeditions  fitted 
out  by  Societies,  and  the  attempts  of  isolated  travellers,  such  as  those 
who  have  penetrated  into  Africa,  Australia,  and  South  America,  will 
£nd  a  prominent  and  well-merited  place  in  these  pages,  and  we  shall 
always  be  ready  to  afford  them  our  best  aid  in  their  efforts  to  contri- 
bute to  our  geographical  knowledge. 

As  we  pass  upwards  from  earth  to  air,  we  still  find  courageous 
adventurers  at  work  in  the  cause  of  Science.  Here,  too,  they  are 
steadily  occupied  in  the  task  of  tracing  the  operation  of  Nature's  laws 
under  what  we  consider  abnormal  conditions,  and,  by  positive  evi- 
dence, supplanting  the  calculations  of  experimental  meteorologists 
whose  feet  have  never  left  the  solid  ground. 

On  these  subjects  otir  great  atmospheric  explorer,  Mr.  Glaisher,  has 
accumulated  a  fond  of  trustworthy  information.  He  has  shown  that, 
with  an  increased  altitude,  we  have  not  always  proportionally  diminished 
temperature,  but  that  the  latter  is  sometimes  abnormal  to  the  extent 
of  from  one  to  twenty  degrees,  during  the  ascent ;  that  the  most  rapid 
decline  takes  place  after  leaving  the  earth,  and  that  the  rate  of  dimi- 
nution is  less  in  proportion  to  the  increased  altitude.  The  laws  of 
hygrometric  variation,  too,  he  has  studied  and  defined  more  clearly ; 
and,  not  content  with  purely  physical  observations,  he  has  contributed 
psychological  facts  of  great  interest.  It  would  appear  from  his  expe- 
rience that  at  great  heights  every  sense  becomes  more  active,  and  that 
impressions  there  formed  are  more  firmly  fixed  upon  the  mind  than 
those  received  below.  No  doubt  the  novelty  of  the  situation  has  a 
great  deal  to  do  with  this  phenomenon,  but  altered  physical  condi- 
tions probably  exercise  a  powerful  influence  upon  the  nervous  system 
and  the  mind. 

For  the  benefit  of  those  who  brand  men  of  science  as  infidels,  and 
rail  at  the  "  intellectual  pride  "  which,  they  say,  causes  them  to  sub- 
stitute their  own  knowledge  for  the  truths  of  religion,  we  will  quote  a 
few  sentences  from  a  discourse  of  Mr.  Glaisher,  on  the  religious  influ- 
ence exercised  upon  y^™  by  his  aerial  flights,  and  we  hope  they  may 
have  the  effect  of  removing  the  false  impression  as  to  a  want  of 
reverence  in  scientific  men  : — "  I  have  experienced  the  sense  of  awe 
and  sublimity  myself,  and  have  heard  it  on  all  sides  from  aeronauts, 
who  have  both  written  and  said  the  same.  For  my  own  part,  I  am  an 
overwrought,  hard-working  man,  used  to  making  observations  and 
eliminating  results,  in  no  way  given  to  be  poetical,  and  devoted  to  the 
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iminediate  interest  of  my  porsoit,  and  yet  this  feeling  has  oyercome 
me  in  all  its  power.  I  believe  it  to  be  the  intellectual  yearning  after 
the  knowledge  of  the  Creator,  and  an  involmitary  faith  acknowledging 
the  immortality  of  the  soul." 

In  Meteorology  there  are  many  new  features  which  might  afford 
themes  for  passing  thoughts.  The  students  of  Physical  Science  are 
directing  their  attention  to  the  consideration  of  the  nature  of  fogs 
upon  our  coast,  and  an  eminent  observer*  has  discovered  that  they 
are  either  confined  to  a  very  limited  area,  or  reach  from  one  to  two 
hundred  miles,  whilst  none  have  been  observed  intermediate  between 
these  in  extent.  Nothing  definite  is  known  as  to  their  immediate 
cause.  The  observations  of  Admiral  Fitzroy  upon  the  course  of  wind- 
currents  might  further  detain  us,  but  we  cannot  tarry  any  longer  in  the 
atmosphere,  and  must  pass,  if  but  for  an  instant,  beyond  its  limits 
into  the  infinite  universe,  in  order  to  direct  attention  to  one  or  two 
features  in  Astronomical  Science  indicative  of  the  character  of  our 
future  inquiries. 

No  subject  has  of  late  attracted  more  attention  than  the  appli- 
cation of  Photography  and  of  Spectrum  Analysis  to  the  examination 
of  the  heavenly  bodies.  The  labours  of  Mr.  Warren  de  la  Eue  in 
the  first-named  subject  are  too  well  known  to  require  comment ;  and 
although  the  latter  application  of  physical  knowledge  is  yet  in  its 
infancy,  it  has  already  made  us  acquainted  with  some  of  the  con- 
stituent materials  of  the  sun,  moon,  and  a  few  of  the  fixed  stars. 

But  if  the  advances  made  in  Chemistry  and  Physics  have  placed 
the  heavenly  bodies  within  the  reach  of  experimental  and  analytical 
treatment,  pure  Inductive  Science  is  not  on  that  account  the  less  active 
in  the  heavens.  Only  recently  it  has  been  busy  in  our  solar  system, 
upon  whose  subordinate  members  new  light  is  likely  to  be  thrown  by 
a  careful  observation  of  the  so-called  "  spots  "  upon  the  sun's  surface. 
Here,  too,  the  photographic  art  has  been  enlisted  to  perpetuate  and 
confirm  the  results  of  astronomical  observation.  An  able  astronomer  f 
has  arrived  at  the  conclusion,  that  there  is  a  connection  between  the 
<' behaviour"  of  the  sun's  spots  and  the  configuration  and  relative 
position  of  the  planets,  and  has  photographed  those  "  spots,"  for  the 
purposes  of  comparison  and  inference. 

Such  experiments  as  these,  and  all  other  matters  relating  to  the 
progress  of  Astronomy,  as  well  as  to  the  improvement  in  the  &bri- 
oation  of  philosophical  instruments  already  in  use,  or  the  introduction 
of  new  ones,  will  meet  with  a  due  share  of  our  attention ;  and  it  is 
only  necessary  to  refer  to  the  recent  introduction  of  Time-balls,  and 

•  Dr.  Gladstone.  t  Mr.  Stewart,  of  Kew. 
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Time-gnnB,  and  to  their  employment  in  snch  places  as  London,  Edin- 
burgh, Liverpool,  Newcastle,  &c.,  to  show  how  practical  is  the  value 
of  this  branch  of  Science,  and  how  immediately  it  affects  the  comfort 
and  safety  of  the  community.* 

And  having  now  descended  once  more  to  the  earth's  surface,  and 
directed  our  thoughts  to  man  and  his  surroundings,  it  is  necessary 
that  we  should  devote  a  few  pages  to  the  consideration  of  those 
subjects  which  are  more  immediately  connected  with  his  interests,  and 
which  affect  his  own  character  and  condition ;  and  with  this  view  we 
shall  cast  a  cursory  glance  at  the  Natural  History  Sciences, 

One  of  the  most  interesting,  and  certainly  the  most  practically 
useful  subjects  to  which  we  can  direct  attention,  is  the  transport  and 
acclimatization  of  plants  and  animals. 

We  have  but  to  refer  to  the  transplantation  of  the  Quinine-yielding 
Ghinchona-tree  from  South  America  to  Lidia,  and  its  successful  culti- 
vation there ;  to  the  introduction  of  British  fruits  into  the  Australian 
colonies ;  and  to  the  effort,  hitherto  but  partially  successful,  to  trani»- 
port  British  salmon  into  those  colonies  for  breeding  purposes;  in 
order  to  show  what  ^a  practical  and  important  movement  is  here 
taking  place,  and  how  much  the  influence  of  pure  Science  is  apt  to  be 
underrated,  until  its  material  applications  become  manifest. 

The  rapidly  increasing  demand  for  quinine  was  likely  soon  to 
have  materially  exceeded  the  supply  from  South  America,  but  the 
success  which  has  attended  the  acclimatization  of  the  plant  in  India 
has  removed  all  apprehension  on  that  head ;  and  the  benefits  to  be 
derived  from  the  new  industry  are  rendered  more  certain  and  imme- 
diate by  the  £Eict  that  the  young  tree  yields  even  a  larger  supply  of 
quinine  than  it  does  in  the  more  advanced  stages  of  its  growth. 

The  scheme  of  transporting  salmon  to  Australia  has  not  been  so 
successful  as  the  foregoing  experiment,  but  as  we  feel  sure  that  the 
labours  of  the  enterprisiug  acclimatizers  will  ultimately  be  crowned 
with  success,  and  will  yield  a  rich  harvest  to  the  inhabitants  of  the 
Australian  continent,  and,  we  trust,  to  the  initiators  themselves,  we 
shall  devote  a  page  to  the  narrative  of  their  efforts,  and  hope  that 
a  little  influential  assistance  may  thereby  be  enlisted  in  their  cause. 

We  would  first  observe,  that  there  are  few  features  in  the  history 
of  acclimatization  so  satisfactory  as  the  success  which  has  attended  the 
introduction  of  the  natural  products  of  Great  Britain  into  Australia. 
Those  who  visited  the  Exhibition  of  1862  cannot  fail  to  recollect  the 

*  It  isbnt  juBt  to  mention,  in  connection  with  this  topic,  the  names  of  Mr. 
Hartnnp,  of  Liverpool,  and  Professor  P.  Smyth,  of  Edinburgh,  to  whom  the  scien- 
tific world  (and  more  especially  the  maritime  community)  is  indebted  lor  many 
improvements  in  these  instraments  and  appliances. 
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wax  models  of  the  acclimatized  fruits  of  that  oontineiit.  The  fiill 
ears  of  wheat,  the  long  silky  locks  of  wool,  and  the  long-stapled 
cotton  (the  latter  introduced  into  Queensland  from  various  quarters 
of  the  Old  and  New  World),  must  be  equally  well  remembered  by  all 
who  yisited  the  Colonial  Courts. 

And  now  we  come  to  the  novel,  and  not  less  useful,  salmon-breed- 
ing experiments.  This  enterprise  was  commenced  as  far  back  as 
1852,  we  believe,  under  the  auspices  of  Sir  Greorge  Grey,  of  whose 
efforts  to  improve  the  natural  productions  of  the  colonies  placed 
under  his  charge  it  is  hardly  possible  to  speak  in  sufficiently  laudatory 
terms. 

The  first  experiment  fsuled  completely,  notwithstanding  that  fifty 
thousand  ova  of  sahnon  and  trout  were  procured  and  employed  in  the 
attempt ;  and  that  every  precaution  was  taken  to  ensure  their  suc- 
cessful transport  The  fiulure  is  attributed  chiefly  to  the  absence  of 
a  continuous  stream  of  water  through  the  hatching  apparatus. 

For  eight  years  the  matter  was  allowed  to  rest,  no  fresh  action 
being  taken,  but  in  1860  a  second  expedition  was  fitted  out  with  the 
same  object.  Owing  to  the  failure  of  the  precautions  which  were 
taken  to  resist  the  high  temperature  of  the  tropics,  and  other  causes, 
this  attempt  was  equally  unfortunate,  and  entailed  upon  a  few  private 
individuals  a  loss  of  6502.  The  colonial  governments  now  joined  in 
the  enterprise ;  that  of  Tasmania,  in  conjunction  with  two  other  legis- 
latures, voting  an  aggregate  sum  of  3,7002.  for  a  third  effi>rt. 
Careful  preliminary  experiments  were  tried  in  England  by  scientific 
men,  and  vessels  were  then  fitted  out  specially  for  the  transport  of  the 
ova,  an  apparatus  being  provided  for  securing  a  constant  flow  of  water, 
as  well  as  for  the  maintenance  of  a  suitable  temperature. 

Again,  however,  the  attempt  was  unsuccessful ;  the  fEiilure  in  this 
instance  being  attributed  chiefly  to  the  disturbance  of  the  water  in 
which  the  young  fry,  hatched  during  the  voyage,  were  contained, 
caused  by  the  violent  rocking  of  the  ship.  The  young  fiish  were 
dashed  against  the  sides  of  the  apparatus  and  destroyed.  It  will  not 
be  long,  however,  before  another  effort  is  made  to  accomplish  the  desired 
end,  and  it  is  believed  that  the  experience  so  dearly  purchased  will 
render  the  next  attempt  successfuL  There  will  be  no  difficulty,  it  is 
thought,  in  eventually  perpetuating  the  breed  of  sahnon  in  the  an- 
tipodes, more  especially  in  Van  Diemen's  Land,  where  the  rivers 
already  contain  a  variety  of  trout;  but  it  is  considered  doubtful 
whether  this  can  be  extended  to  New  Zealand,  where  the  streams  are 
rapid,  and  subject  to  violent  floods. 

Having  thus  noticed  some  of  the  strictly  practical  applications  of 
the  science,  we  cannot  pass  away  from  the  question  of  acclimatization 
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without  referring  to  the  interesting  experiment  which  has  been  bo 
saccessfollj  carried  out  by  our  neighbours  across  the  Channel 

The  *'  Jardin  d'Acclimatation"  may  be  considered  an  ornamental  and 
an  ednoational,  as  well  as  a  practical  undertaking ;  and  the  admirable 
combination  of  art  and  nature,  displaying  as  it  does,  in  the  highest 
degree,  the  characteristio  taste  of  the  French  people,  is  eminently 
deserving  of  commendation.  We  trust  that  the  time  is  not  &r  distant 
when  the  inhabitants  and  visitors  in  the  metropolis  will  have  an  oppor- 
tunity of  participating  in  as  great  a  pleasure  as  that  which  may  now 
be  enjoyed  by  visitors  to  the  French  capitaL 

All  questions  regarding  man's  origin,  or  his  relations  to  the  lower 
animals,  and  concerning  the  connection  or  differences  between  the 
various  races  of  mankind,  will  receive  the  earnest  consideration  of  the 
writers  in  this  JoumaL  They  are  par  excellence  topics  of  the  day, 
and  will  probably  long  remain  so;  and  should  any  of  our  readers 
regard  them  as  mere  matters  of  speculation,  interesting  only  to 
naturalists,  or  doubt  their  practical  bearing  upon  society,  we  recommend 
them  to  read  the  report  of  the  discussion  which  took  place  concerning 
the  Negro,  at  the  Newcastle  Meeting  of  the  British  Association. 

At  the  dose  of  a  paper  on  ^  The  Physical  and  Mental  Character 
of  the  Negro,"  its  author.  Dr.  Hunt,  the  President  of  the  Anthropo- 
logical Society,  summed  up  his  views  as  follows : — 

*^  1st.  That  there  is  as  good  reason  for  classifjring  the  Negro  as  a 
distinct  species  from  the  European,  as  there  is  for  TnalriTig  the  ass  a 
distinct  species  from  the  zebra.  2nd.  That  the  Negro  is  inferior, 
intellectually,  to  the  European.  3rd.  That  the  analogies  are  far  more 
numerous  between  the  Negro  and  apes,  than  between  the  European 
and  apes." 

'^No  man,"  he  continued,  '^who  thoroughly  investigates  with  an 
unbiassed  mind,  can  doubt  that  the  Negro  belongs  to  a  distinct  type  of 
Man  to  the  European.  This  word  species,  in  the  present  state  of 
science,  is  not  satisfactory ;  but  we  may  safely  say  that  there  is  in  the 
Negro  that  assemblage  of  evidence  which  would  ipeo  facto  induce  an 
unbiassed  observer  to  make  the  European  and  Negro  two  distinct  types 
of  man.  My  second  and  third  proposition  must  be  equaUy  patent  to 
all  who  have  examined  the  facts." 

And  there  appears  to  have  been  great  unanimity  in  the  opinions 
held  by  the  ofiGbcers  of  this  nascent  society,  for,  in  the  subsequent 
discussion,  its  secretary  declared,  in  confirmation  of  the  views  of  his 
chief,  that  wherever  intellectual  superiority  exists  in  a  man  of  colour, 
he  is  always  found  to  have  an  admixture  of  white  blood  in  his  veins. 
In  the  section  in  which  these  statements  were  made  (the  G^eogra- 
phical  and  Ethnological),  there  were  unfortunately  but  few  physiolo- 
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gists  present;  and  the  warmest  defender  of  the  poor  Negro  was  a 
gentleman  of  colour,  whose  remarks  had  a  moral  rather  than  a 
scientific  bearing.  It  is  possible  that  there  may  since  have  been  a  fJeAr 
discussion' on  the  subject  which  has  escaped  our  notice ;  but  be  this  as 
it  ma  J,  there  is  no  reason  why  the  question  should  not  be  fiilly  debated 
in  these  pages ;  and  it  appears  to  us  that  the  discussion  should  be  based 
not  upon  what  is  ^  not  satisfactory "  in  the  present  state  of  science, 
but  upon  its  acknowledged  truths. 

For  ourselves,  we  do  not  hesitate  to  say  that  we  completely  differ 
from  much  that  is  contained  in  the  foregoing  doctrines,  and  that  they 
appear  to  us  to  be  at  variance  with  the  opinions  and  evidence  of  the 
most  advanced  physiologists.  If  the  term  ^^  species  "  be  unsatisfactory, 
we  apprehend  that  its  definition  has  not  been  rendered  clearer  by  those 
who  state  that  there  is  as  good  reason  for  placing  the  black  and  white 
man  in  distinct  species,  as  there  is  for  classifying  the  ass  and  zebra  in 
the  same  manner,  ignoring  the  question  of  hybridity ;  but,  on  the  other 
hand,  the  admission  that  an  intercrossing  of  the  white  and  black  races 
has  a  tendency  to  develope  the  intellectual  faculties  of  the  latter,  and 
elevate  the  Negro  to  the  level  of  the  white  man,  seems  to  us  to  be  pretty 
strong  evidence  that  both  belong  to  the  same  species,  and  partake  of  the 
same  nature. 

One  of  the  local  journals  (which  by  the  way  reported  the  pro- 
ceedings of  the  Association  in  a  manner  that  has  called  forth  the 
admiration  of  the  scientific  world*)  did  not  hesitate  to  hint  broadly, 
that  the  gentlemen  who  thus  sought  to  degrade  the  Negro  race,  were 
the  tools  of  the  Southern  Confederacy,  and  had  been  enlisted  as  the 
champions  of  slavery  in  England. 

With  regard  to  man's  relations  to  the  lower  animals,  and  his  nature 
and  condition  prior  to  the  historic  era,  the  opinions  of  some  physiolo- 
gists are  becoming  more  and  more  divergent  from  the  views  hitherto 
entertained  by  the  community ;  and  stepping  past  the  most  extreme 
palasontologists  of  our  day  in  this  respect,  a  new  and  apparently  care- 
ful thinker  does  not  hesitate  to  present  himself  to  the  scientific  world, 
and  declare  that  he  believes  the  fossil  human  remains  which  were 
found  about  six  years  since  in  the  Neanderthal,  near  Elberfield,  to 
have  constituted  the  framework  of  a  being  endowed  with  no  psychical 
powers  beyond  those  which  would  enable  it  to  provide  its  food  and 
shelter,  and  possessing  neither  intellectual  nor  religious  attributes.f 

From  the  consideration  of  the  highest  bom  creature  to  that  of  the 
"  Monad,"  is  but  a  step  in  the  unity  of  animal  life,  and  the  question 

*  The  *  Newcastle  Chronicle.* 

t  See  the  Report  of  Professor  Kmg's  paper  read  before  the  British  Aflsociation, 
and  his  article,  in  the  present  number,  on  the  Neanderthal  Man. 
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of  the  origin  of  man  now  stands  side  by  side  with  that  of  the  lowest 
living  types  of  existence.  An  eminent  physiologist  of  our  day  has 
hinted  that  it  may  be  possible,  before  half  a  century  has  elapsed,  for  a 
man  to  take  inorganic  substances  such  as  carbonic  acid,  ammonia, 
water  and  salines,  "and  be  able  to  build  them  up  into  protein  matter," 
and  that  that  protein  matter  should  "  begin  to  live  in  an  organic  form."* 
On  the  other  hand  a  French  geologist  of  note  has  in  a  most  solemn 
manner  protested  against  the  presumption  of  the  man  who  seeks  in  his 
laboratory  to  compete  with  the  Creator  1  f  Both  these  writers  are  dis- 
believers in  the  theory  of  "  spontaneous  generation,"  and  it  is  in  the 
treatment  of  this  question  that  they  have  expressed  such  opposite  views. 
Whilst  we  must  admit  that  at  present  we  have  grave  doubts  of  Man  being 
able  to  accomplish  such  a  feat  as  is  here  described  within  the  prescribed 
pe^od,  if  at  all,  we  confess  that  we  regard  without  the  slightest  reli- 
gious apprehension,  any  experiments  that  may  be  undertaken  with  this 
object.  The  stronghold  of  life  appears  to  be  as  safe  as  it  ever  has  been, 
and  most  assuredly,  all  that  man  can  learn  or. effect,  he  is  not  only  jus- 
tified, but  is  bound  by  the  gift  of  an  intelligence  second  only  to  the 
Divine  Intelligence,  to  attempt ;  and  if,  through  his  chemical,  physical, 
and  microscopical  attainments,  he  should  one  day  become  a  maker  (a 
Creator  he  never  can  become)  of  living  forms,  it  will  only  serve  as  an 
additional  evidence  of  his  vast  destiny  ;  and  of  the  boundless  powers 
and  infinite  wisdom  of  Him  who  can  thus  afford  to  reveal  his  secret 
places  in  nature  to  the  inquiring  gaze  of  Man.  But  at  present  the 
evidence  which  we  possess  on  the  subject,  although  of  a  negative  cha- 
racter, is  rather  adverse  to  the  doctrine  of  "  heterogenesis  "i  in  any 
form.  A  few  words  will  suf&ce  to  explain  the  actual  state  of  the  in- 
quiry. 

At  present  there  are  three  modes  by  which  it  is  either  known  or 
suspected  that  living  beings  may  be  produced. 

First,  by  "  Spontaneous  generation."  That  is  to  say,  by  the  spon- 
taneous combination  of  decaying  organic  matters,  under  certain  condi- 
tions, and  according  to  an  unknown  law,  to  form  anew  living,  moving 
beings  of  the  lowest  known  types. 

Secondly  (an  allied  form  of  heterogenesis),  by  the  hand  of  man. 
That  is  to  say,  through  the  artificial  application  of  physical  or  chemical 
forces  and  agencies  to  inorganic  substances  in  the  laboratory. 

Thirdly,  through  the  operation  of  the  parental  law  only.  In  this 
ease  the  ordinance  must  have  ceased  to  exist,  under  which  the  lower 

♦  Professor  Huxley,  *  Lectures  to  Working  Men/ 

t  M.  Boucher  de  Perthes,  "  Avons-nous  P^re  et  M^re  ?  *'  (This  is  not  said  in 
reference  to  any  particular  observer.) 

X  **  Heterogenesis "  is  a  term  employed  to  express  the  creation  or  birth  of 
living  beings  in  an  abnormal  manner. 
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forms  of  matter  were  originally  combined  to  form  a  living  being,  and 
tbe  eexnal  law  sabetituted ;  one  or  two  pre-existing  germs,  either  active 
or  in  a  state  of  rest,  being  needful  for  tbe  production  of  a  new  being. 

Bat,  lastly,  it  iBpaesible  that  all  the  foregoing  laws  may  be  in  ope- 
ration, inasmuch  as  no  one  of  them  necessarily  interferes  with  another. 

The  evidence  in  &voar  of  the  doctrine  of  spontaneous  gene- 
ration, is  found  in  the  appearance  of  certain  obscure  moving  types, 
of  infinitely  small  proportions,  in  decaying  substances,  notwithstanding 
every  effort  on  the  part  of  man  to  exclude  the  germs  of  life  in  any 
form.  That  in  feivour  of  the  artificial  production,  by  man,  of  the 
lowest  living  types,  is  of  a  still  more  dubious  character.  It  consists 
in  the  &ct  that  out  of  inorganic  substances  he  has  been  able  to  make 
a  few  organic  compounds,  such  as  urea,  butyric  acid,  &c. ;  but  our 
readers  will  see  clearly  that  to  make  an  inanimate  complex  substance 
from  other  inanimate  simple  substances,  though  we  may  call  the 
former  "  organic  "  (in  consequence  of  their  usual  origin),  and  the  lat- 
ter '^  inorganic,"  is  a  process  widely  different  from  that  of  making  a 
living,  moving,  sentient  being.  Still  the  latter  is  not  impossible,  and 
if  mau  do  succeed  in  making  such  a  being,  and  it  be  endowed  with 
animation  by  the  Giver  of  Life,  he  will  but  have  added  to  his  responsi- 
bilities, as  he  every  day  multiplies  them,  by  tiie  acquisition  of  fresh 
knowledge. 

But  having  thus  granted  a  fair  hearing  to  the  advocates  of  the 
<<  spontaneous  generation  *'  theory,  and  to  those  who  propound  the 
second  doctrine,  we  feel  bound  to  state  that  the  evidence  against 
both  multiplies  day  by  day.  It  is  found,  first,  in  the  constantly  ac- 
cumulating proofis  in  £ekvour  of  the  parental  law.  One  after  another, 
types  which  were  supposed  to  have  been  spontaneously  generated,  from. 
insects  down  to  infusoria,  are  found  to  exist  as  germs  or  ova,  either  in 
the  water,  in  other  living  beings,  in  decaying  bodies  or  animal  sub- 
stances, or,  as  it  has  been  recently  shown  by  French  and  Engliflh 
observers,  to  an  enormous  extent  in  the  atmosphere  which  we  breathe. 
It  has  been  proved,  too,  that  the  tenacity  of  life  which  these  germs 
possess  is  very  great ;  enabling  them  to  defy  the  hand  of  time  or  the 
destructive  power  of  chemical  and  physical  agencies,  and  these  fiEU^ts, 
coupled  with  the  abnormal  conditions  under  which  such  germs  are  able 
to  exist  after  the  resuscitation  of  life,  will  probably,  for  some  time, 
defy  the  attempts  of  even  the  most  carefdl  and  conscientious  experi- 
mentalists to  define  satisfiictorily  under  what  circumstances  the  lowest 
known  types  first  spring  into  existence. 

But  we  must  now  take  our  departure  from  the  field  of  natural  his- 
tory, and  return  once  more  to  the  conaidaration  of  those  topics  which 
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more  immediately  afibct  the  progress  of  ciyilization ;  and  in  order  to 
enable  ns  to  do  bo,  we  shall  be  compelled  for  the  present  to  pass  over 
many  questions  of  interest  in  chemical  and  physical  science.* 

Amongst  these  are  the  discoveries  of  new  metals,  snch  as  thallimn, 
indimn,  &C,  by  spectnun  analysis ;  researches  in  organic  and  inorganic 
chemistry  by  eminent  English  and  foreign  experimentalists,  and  the 
important  and  interesting  experiments  upon  the  nature  of  heat,  by  our 
own  physicist,  Professor  Tyndall,  as  well  as  all  those  medical  and 
chimrgical  discoveries  which  have  added  to  the  duration  of  human 
life  or  alleviated  physical  pain  ;  and  we  shall  now  refer  cursorily  to  a 
few  features  in  the  progress  of  Mechanical  Science. 

It  must  often  appear  marvellous  to  the  uninitiated,  that  the  hand 
of  man  is  able  to  accomplish  works  in  civil  or  military  engineering, 
in  oomparison  with  which  the  labours  of  Vulcan  appear  puerile  and 
insignificant.  But  there  is  one  instrument  alone,  which,  since  the 
introduction  of  steam,  has  aflforded  almost  imlimited  feicilities  for  the 
employment  and  fiibrieation  of  the  coarser  metals ;  we  refer  to  the 
steam-hammer.  When  this  tool  was  first  introduced,  about  twenty  or 
twenty-five  years  since,  the  weight  of  the  hammer  was  about  five 
hundredweight,  whilst  that  of  the  instruments  now  employed  in  the 
forging  of  gons,  large  shafts,  and  similar  descriptions  of  work,  in  some 
cases  attains  to  forty  tons.  And  it  is  even  stated  that  there  is  now 
one  in  course  of  construction  at  Sheffield,  intended  for  the  forging  of 
armour-plates,  of  nearly  one  hundred  tons.  The  rapid  development 
of  this  almost  superhuman  power,  then,  is  alonid  able  to  account  for 
the  tremendous  results  obtained  from  modem  implements  of  warfare, 
and  for  the  obstinacy  with  which  these  are  resisted  by  modem  armour. 

But  it  is  not  only  in  its  gigantic  features  that  mechanical  science 
is  making  such  rapid  strides.  The  various  woods  which  served  the 
purposes  of  our  forefathers  are,  indeed,  still  largely  employed,  but 
thay  are  no  longer  fashioned  by  the  hand  of  man.  Steam  and 
machinery  now  perform  every  kind  of  work  with  greater  accuracy 
and  economy  than  did  formerly  muscle  and  bone,  and  we  have  our 
mechanism  for  sawing,  planing,  grooving,  tongueing,  carving,  and 
indeed  for  every  similar  operation. 

And  ifarou^  the  observations  and  experiments  of  men,  eminent 
in  physical  science,  we  may  calculate  upon  a  greatly  increased  effi- 
ciency of  the  motive  power  and  its  application  to  almost  every  kind  of 
manufiMsturing  industry. 

Steam,  to  which  in  the  eyes  of  most  of  our  readers  nothing 

*  A  ftill  r^him^  of  the  progress  of  thefle  brancheB  of  sdenoe  wiD,  however,  be 
foond  in  our '  Ghionkles.' 
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can  well  be  added,  is  itseK  susceptible,  popularly  speakmg,  of  a 
further  deyelopment,  and  what  is  known  amongst  engineers  as  super- 
heating, is  now  daily  acquiring  a  greater  amount  of  favour.  The 
process  and  its  effect  are  simple  and  easily  understood. 

In  its  passage  firom  the  boiler  to  the  cylinder,  where  its  work  has 
to  be  performed,  the  steam  loses  a  certain  amoimt  of  heat ;  in  other 
words,  a  portion  of  it  becomes  condensed  into  water ;  and  in  addition 
to  this,  a  certain  proportion  of  partially  vaporized  water  passes  from 
the  body  of  that  liquid  in  the  boiler  along  with  the  current  of  steam 
into  the  cylinder.  The  steam  thus  deteriorated  is,  according  to  the 
more  recent  plan,  ''  superheated  "  in  its  passage,  the  result  being 
an  improvement  in  its  quality :  for  owing  to  its  more  perfect  vapo- 
rization and  its  increased  temperature  on  its  arrival  in  the  cylinder,  it 
possesses  more  elasticity,  and  necessarily  a  greater  impelling  power. 
The  superheating  process  is  performed  by  allowing  the  steam  to  pass 
through  an  apparatus  of  tubes,  around  which  the  flame  or  heated 
gases  and  atmospheric  air  circulate  in  their  passage  from  the  boiler 
to  the  chimney,  thus  converting  the  water- charged  steam  into  elas- 
tic vapour,  or  what  is  technically  caUed  dry  steam;  and  utilizing 
an  amount  of  heat  which  would  otherwise  have  been  wasted. 

Another  equally  simple,  useful,  and  interesting  improvement  in 
engineering  science,  is  "  surface  condensing."     The  ultimate  effect  is 
the  same  as  that  of  the  foregoing  process,  namely,  an  acquisition  of 
power  without  any  additional   expenditure  of  fuel.     No  doubt  our 
readers  will  have  frequently  observed  a  jet  of  steam  passing  into  the 
sea  from  the  hulls  of  *  steam-vessels.     This  is  the  partially  condensed 
steam,  after  it  has  done  its  work  in  the  cylinder;  and  in  order  to 
supply  its  place,  a  fresh  stream  of  cold  sea-water  is  admitted  into  the 
boiler.     The  object  of  surface-condensing  is  to  save  the  steam  by  con- 
verting it  into  warm  water  and  returning  it  to   the   boiler.     The 
apparatus  somewhat  resembles  the  last-named ;    but  cold  water  for 
condensing  takes  the  place  of  steam  for  superheating.     Instead  of  the 
cold  sea-water  passing  into  the  condenser,  there  to  be  mixed  with  the 
steam  and  pumped  off  again  along  with  it,  the  steam  alone  passes 
through  tubes  in  the  condenser,  and  around  these,  there  flows  a  current 
of  cold  sea-water  which  is  subsequently  pumped  out,  without  having 
come  in  direct  contact  with  the  steam.    The  latter  is  returned  into  the 
boiler,  and  thus,  instead  of  cold  water  charged  with  saline  matter,  that 
vessel  is  supplied  with  distilled  water  at  a  temperature   of  100® 
to  120''.     The  foregoing  observations  apply  to  the  condensation  of 
waste  steam  from  the  ordinary  low-pressure  engine,  but  a  still  farther 
improvement  has  been  added,  inasmuch  as  the  steam  usually  ejected 
into  the  atmosphere  from  the  high-pressure  engine  is  now  conducted 
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into  the  yacmim  in  the  cylinder  of  a  low-pressure  engine,  working  in 
conjunction  with  the  former,  and  thence  through  the  surface-condensing 
apparatus  back  into  the  boiler  in  the  form  of  heated  distilled  water, 
thus  practically  working  two  distinct  engines.* 

These  are  but  two  of  the  improvements  which  have  been  introduced 
into  a  single  branch  of  mechanical  science,  and  if  our  space  allowed  it, 
we  might  touch  upon  many  others  in  its  various  sections.  We  could 
speak  of  the  advances  in  railway  travelling,  especially  over  short 
distances,  and  underground,  instancing  the  Metropolitan  Railway,  with 
its  convenient  carriages,  excellent  system  of  lighting  and  signalling, 
and  consequently  the  comparative  safety  with  which  the  trains  pass  to 
and  fro.  We  might  refer  to  the  introduction  of  coal-cutting  machinery ^f 
which  will,  we  trust,  one  of  these  days,  put  an  end  to  the  destruction 
of  human  beings  under  the  most  terrible  circumstances  that  can  be 
conceived ;  to  the  improvements  in  machinery  for  the  utilization  of 
hitherto  waste  products,  and  new  substances,  and  which  along  with 
others  already  named,  could  not  in  their  turn  be  accomplished  but 
for  the  employment  of  improved  forms  of  iron,  such  as  the  cheaper 
steels  and  semi-steels,  homogeneous  metal,  malleable  cast-iron,  &c.  ^ 
but  our  readers  must  be  content  with  these  passing  remarks  on  the. 
progress  of  Mechanical  Science,  and  pass  on  with  us  to  the  last 
subject  which  demands  our  notice,  and  without  which  our  work  would 
be  far  from  complete. 

We  now  fefer,  not  to  any  special  branch  of  science  or  human 
industry,  but  to  the  progress  of  scientific  education,  and  that  chiefly 
in  our  own  country. 

Whether  this  be  effected  by  means  of  Philosophical  Institutions 
for  the  middle  and  higher  classes ;  in  the  University  Lecture  Hall  for 
students,  or  thrcugh  the  machinery  of  the  Science  and  Art  Department 
of  the  State ;  it  is  entitled  to,  and  will  receive,  our  earnest  consideration ; 
and  as  far  as  the  nature  of  our  work  admits,  a  warm  support  will  be 
accorded  to  Science  instructors  of  every  rank  and  station ;  indeed, 
it  will  be  our  earnest  desire,  however  limited  may  be  our  influence,  to 
promote  the  wel&re  of  all  scientific  men,  from  the  most  illustrious 
observer,  to  the  humblest  labourer  in  the  fields  of  science. 

And  now,  conscious  that  in  this  extended  but  hasty  survey,  we 
must  have  said  much  that  is  open  to  doubt  and  criticism,  and  left  im- 

*  Of  the  two  steamers  *  Hibernian'  and  *  Bohemian/  both  of  which  are  about 
the  same  tonnage,  plying  between  Liverpool  and  Canada,  the  former  is  fitted 
with  a  surface-condenser,  but  not  the  latter.  The  former  consimies  44  tons  of 
coals  per  day,  and  makes  12^  knots  per  hour;  the  latter  requires  55  tijns  per 
day,  and  steams  onlr  11  knots  per  hour. 

t  Oonceming  which,  some  valuable  infoimation  will  be  found  in  the  present 
number  of  our  Journal. 
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■aid  many  things  which  readier  pens  or  abler  minds  wonldhave  treated 
with  accuracy  and  clearness,  we  have  a  few  parting  words  to  add  to 
onr  readers,  and  more  especially  to  a  large  class  to  whom  we  look  for 
considerable  sapport,  and  who  may  do  much  to  facilitate  our  labours ; 
we  mean  ministers  of  religion. 

It  would  avail  ns  little,  i^  after  intimating,  as  we  have  done  in  the 
preceding  pages,  that  the  social,  and  even  the  political  bearings  of 
Science  will  not  be  overlooked,  we  were  to  remain  silent  on  the  great 
qnestion  of  Theology.     To  do  this,  would  be  simply  to  arouse  suspi- 
cion, and  lead  to  misconstructions  which  a  frank  exposition  of  our 
views  may  obviate :  and  we  have  less  hesitation  in  approaching  so  de- 
licate a  question,  from  the  conviction  that  however  adverse  may  be  the 
views  of  individuals,  or  even,  here  and  there,  of  some  body  of  narrow- 
minded  theologians,  a  vast  majority  of  our  religious  teachers  look  with 
anxiety,  and  without  apprehension,  upon  each  new  revelation  of  the 
laws  of  nature,  and  watch  with  interest  its  bearings  upon  theological 
inquiry.     Scientific  knowledge  will  never  lower  man's  religious  nature, 
nor  render  it  any  less  devotional,  unless  it  be  employed  for  worldly 
purposes,  or  perverted  to  private  ends  by  the  promptings  of  passion. 
Sound  Science  must  make  some  enemies,  for,  as  we  have  already  said, 
it  drives  superstition  before  it,  as  chaff  is  driven  before  the  wind,  and 
it  may  answer  this  or  that  prophet  of  our  day  to  sneer  at  its  pro- 
pounders  as  self-righteous,  or  to  hold  them  up  to  scorn  as  infidels ; 
but  every  sincere  and  devoted  preacher  of  the  Truth,  knows  it  to  be 
not  only  to  his  interest,  but  that  it  is  indispensable  that  he  should  be 
acquainted  with  other  branches  of  knowledge  than  those  immediately 
connected  with  his  vocation,  and  that  he  should  at  least  march  abreast 
with,  if  not  precede,  the  foremost  rank  of  lay  intelligence.     That  many 
such  inquiring  men  will  be  amongst  our  readers,  as  they  may  already 
be  found  amongst  our  contributors,  we  have  no  doubt  whatever,  and 
the  question  arises,  how  shall  we  deal  with  such  subjects  as  are  sup- 
posed to  have  a  more  or  less  direct  bearing  upon  Theology  ? 

There  need  be  no  hesitation  in  furnishing  the  reply. 

It  would  ill  serve  the  ends  of  truth  in  any  form,  if  we  were  to 
interfere  with  the  free  discussion  of  scientific  topics  on  the  ground 
that  the  views  enunciated  might  give  offence  to  the  believers  in  some 
particular  theological  doctrine.  Such  a  course  would  defeat  rather 
than  promote  the  ends  of  true  religion,  and  it  may  even  be  neces- 
sary that  we  should  now  and  then  be  tolerant  of  the  expressions  of 
what  may  appear  erroneous  or  extreme  views,  for  the  purpose  of  ulti- 
mately eliminating  the  truth.  Whilst,  however,  we  have  too  much 
fifcith  in  the  good  taste  and  right  feeling  of  our  collaborateurs  to  sup- 
pose that  freedom  of  discussion  would  ever  be  employed  as  a  cloak  for 
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irreyerencey  we  are  botmd  to  state  that  it  will  not  be  with  our  cogni- 
zance or  sanction,  if  any  expression  in  the  slightest  degree  savonring 
of  this  qnalily  finds  its  way  into  our  Journal ;  and  we  add  this,  not  to 
onrry  favour  with  those  to  whom  these  remarks  are  more  particularly 
addressed,  but  in  order  that  persons  who  are  anxious  to  consult  these 
pages  with  a  view  to  the  acquisition  of  sound  science  for  the  purposes  of 
religious  teaching,  may  not  be  driven  away,  to  make  place  for  others 
of  a  less  friendly  disposition,  whose  aim  will  be  to  detect  heresy,  or  to 
turn  the  revelations  of  nature  into  a  means  of  upholding  superstition. 

The  cause  of  Science  may  be  advocated  on  the  ground  that  it  tends 
to  the  comfort  and  material  prosperity  of  the  human  race ;  or  because 
it  serves  to  elevate  man's  intellect,  and  to  enable  him  better  to  fulfil 
his  brief  mission  on  Earth ;  but  its  highest  title  to  a  foremost  place  in 
the  literature  and  teachings  of  the  day  is  found,  not  in  either  of  these 
advantages,  but  in  the  &ct  that  by  disciplining  the  minds  of  men  it 
imparts  to  them  a  purer  and  more  elevated  conception  of  the  Creator, 
and  prepares  them  for  the  comprehension  of  the  highest  truths,  thus 
helping  to  fit  them  for  a  purely  spiritual  existence. 


(     21     )  [Jan. 
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THE  COAL  EES0URCE8  OF  GREAT  BRITAIN. 

By  Edward  Hull,  B.A.,  F.G.S.,  of  the  Geological  Survey  of 

Great  Britain. 

Of  all  Bciences,  none,  perhaps,  is  so  generally  regarded  as  devoid  of 
practical  application  as  Geology.  The  employment  of  Astronomy  in 
Navigation  is  known  to  all ;  the  numberless  uses  of  Chemistry  in  the 
Arts  are  self-evident ;  Mineralogy  is,  of  course,  of  value  in  detecting 
minerals ;  Physics,  in  laying  down  the  principles  of  the  electric  tele- 
graph, and  Mechanics,  in  the  construction  of  machinery.  But  Ge- 
ology I  '*  what  can  be  the  use  of  Geology  ?  "  asks  the  world.  If  you 
answer,  that  it  has  served  to  throw  a  flood  of  light  on  the  past  history 
of  our  globe,  such  a  reply  will  not  satisfy  the  utilitarian ;  and  the 
"  practical "  miner  will  say  (though  erroneously)  that  he  can  work  his 
way  in  the  earth  in  search  of  the  minerals  as  well  without,  as  with, 
a  knowledge  of  Geology.  To  all  such  inquiries,  as  to  the  practical 
use  of  this  science,  let  me  proceed  to  give  a  flnal  answer. 
Premising  that  Geology  is  capable  of  application  in  the  elucidation 
of  a  number  of  questions  affecting  our  every-day  life,  which  cannot  be 
dwelt  upon  here,  I  may  state  that  it  is  pre-eminently  useful,  and 
indispensable  in  enabling  us  to  estimate  the  extent  of  those  stores  of 
mineral  fuel  which  Providence  has  laid  up  in  the  strata  of  the  earth 
for  the  service  of  man. 

The  coal  stored  up  in  the  bowels  of  the  earth  is  limited  in  quantity, 
and,  like  the  Sibylline  Books,  when  once  burnt,  is  irrecoverable ;  every 
day  sees  this  store  diminished ;  and  just  as  the  master  of  a  house,  at 
the  approach  of  winter,  wishes  to  ascertain  the  quantity  of  fuel  in  his 
cellar,  so  must  it  be  a  subject  of  moment  to  us  as  a  nation — depend- 
ing as  we  do  so  largely  on  the  supply  of  coal  for  our  manufacturing, 
commercial,  and  even  political,  pre-eminence, — to  ascertain,  as  far  as 
possible,  to  what  extent  we  may  reckon  on  the  continuance  of  this  great 
source  of  motive  power.  Without  the  aid  of  the  science  of  Geology, 
such  an  inquiry  could  only  have  ended  in  disappointment ;  with  it  we 
have  all  the  materials  necessary  for  the  solution  of  the  problem,  as  far 
at  least  as  regards  the  actual  quantity  of  coal  itself. 

The  strata,  or  "  measures,"  containing  the  beds  of  coal,  belong,  for 
the  most  part,  to  the  great  Carboniferous  System  of  Rocks.  They 
occur  generally  under  two  modes  of  arrangement ;  either  as  "  basins  " 
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or  '^  fields :"  and  on  the  threshold  of  our  inquiry  it  may  be  well  to 
give  a  short  sketch  of  each  of  these  systems. 


Vm.  h-Sedim  of  (he  FoMd  ofDem  CodlrBa»biu 


3  Jt 

1.  Goal-MeMOres. 


2.  MOlstone  Grit. 


3.  MomntaJn  LtmMtonB. 


Coal^basin.  —  The  section  of  a  coal-basin  is  represented  in  the 
aboye  woodcut.  The  term  is  used  when  the  beds  dip  from  every  part 
of  the  circumference  towards  the  centre.  "When  the  basin  is  elongated 
in  one  direction  to  a  considerable  degree,  it  is  called  a  "  trough ;" 
but  as  it  is  rare  for  any  coal-bearing  tract  to  be  even  approxi- 
zaately  symmetrical,  the  term  "  basin"  serves  to  denote  all  such  tracts, 
whether  the  outline  be  circular  or  oval.  To  this  form  belongs  the 
largest  coal-tract  in  Britain— the  South  Wales  Coal-field  (No.  23  in 
Map),  as  also  that  of  the  Forest  of  Dean  (24),  and  several  others. 


Fig.  2,-^80cUon  of  the  Yorkthire  CoiO-FiM. 


^-l"'' I  II I    '' 


6  S 

1.  Magnedan  Limestone. 

2.  Pemiaa  SaodBtone. 


3.  Coel-Meamree. 

4.  MiUetone  Grit. 


6.  Limeetooe  Shale. 
6.  Moantaln  Ti1in«etone> 


Coal-fidd, — In  the  case  of  a  coal-field,  the  strata  dip  (with  more 
or  less  regularity)  in  one  direction.  Such  an  arrangement  has  many 
modifications ;  either  the  strata  dip  under  those  of  a  more  recent 
formation,  as  in  the  case  of  the  Yorkshire  Coal-field  (Fig.  2),  or  they 
are  cut  off  along  one  side  by  a  fEiult,  as  in  the  Anglesea  coal-field. 
This  is  the  more  general  form  which  a  coal-tract  assumes,  and  is 
often  much  varied  by  rolls  in  the  strata,  or  by  dislocations. 

CocU-group. — Where  the  strata  of  several  coal-fields  dip  towards 
each  other,  and  under  those  of  a  newer  formation,  such  as  the  New 
Bed  Sandstone,  it  may  generally  be  inferred  that  they  are  connected 
underneath,  and  that  if  the  newer  formation  were  penetrated,  the  coal- 
measures  could  be  reached  beneath.  When  several  of  these  coal- 
fields are  thus  physically  connected,  they  give  rise  to  what  may  be  called 
"  a  group  of  coal-fields,*'  or  simply  a  "  coal-group."  Under  the  same 
title  we  also  place  a  number  of  distinct  hasina  or  fields,  which  were  ori- 
ginally connected,  but  have  since  been  dissevered  by  denudation,  as 
those  of  the  central  valley  of  Scotland.  In  this  manner  the  British 
ooal-areas  naturally  arrange  themselves  into  four  groups,  which,  on 
the  map,  have  been  marked  as  the  Northern,  Western,  Eastern,  and 
Southern  coal-groups.  These  great  divisions  refer  more  inmiediately 
to  the  present  arrangement  of  the  tracts  than  to  that  which  they 
assumed  at  the  time  of  their  formation.  Nevertheless  there  is  reason 
to  believe  that  out  of  the  four  only  two  were  originally  continuous 
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with  one  another,  namely,  the  eastern  and  western  groups.  From  this 
great  sheet  of  coal-bearing  strata  which  once  stretched  right  across, 
our  island  from  sea  to  sea,  and  even  further,  the  nort}iem  and  the 
southern  coal-groups  were  both  separated,  the  latter  bj  a  barrier  of 
land,  the  former  by  difference  of  age  ;  for  we  now  know  that  coal  was 
in  process  of  formation  in  Scotland  while  the  Carboniferous  limestone 
was  accmnulating  in  the  sea-bed  oyer  the  English  area.  The  fol- 
lowing are  the  subdivisions  or  fields  of  the  several  groups. 

NoBTHBBN  Coal-group  op  Scotland. 

Comprehending — 1,  the  Coal-fields  of  Ayrshire ;  2,  Clyde  basin ; 

8,  Lesmahago  basin ;  4,  Clackmannan ;  5,  Fifeshire  ;  6,  The  Lothians. 

Eastebk  Gboup  (England), 

8,  Great  Northern  Coal-field  of  Northumberland  and  Durham; 

9,  Derbyshire,  Yorkshire,  and  Notts  (only  one  coal-field). 

Western  Group  (England  and  Wales), 

10,  Lancashire;  11,  Burnley  basin;  12,  Flintshire;  18,  Denbigh-* 
shire ;  14,  Poynton ;  15,  North  Staffordshire  ;  16,  Cheadle ;  17^ 
Shrewsbury;  18,  Colebrook  Dale ;  19,  South  Staffordshire;  20,  War- 
wickshire ;  21,  Leicestershire  ;  22,  Forest  of  Wyre. 

Southern  Group  {England  and  Wales). 

28,  Forest  of  Dean  basin ;  24,  Somersetshire ;  25,  South  Wales 
basin.  Besides  the  above  enumerated,  there  are  several  small  detached 
fields,  such  as  those  of  the  Border,  on  the  north  side  of  the  Solway 
Firth,  Whitehaven,  and  Anglesea. 

The  two  great  coal-fields  of  the  Eastern  group  are,  in  all  proba- 
bility, connected  by  a  tract  of  coal-measures  underlying  the  Triassie 
and  Permian  formations  along  the  east  of  Yorkshire,  as  indicated  by 
the  shading  on  the  map.  The  numerous  fields  of  the  Western  group 
are,  without  doubt,  physically  connected  underneath  the  New  Eed 
Sandstone  of  Cheshire  and  Staffordshire ;  and,  as  already  stated,  those 
of  the  Southern  group  were,  in  their  original  state,  joined  together. 

Having  thus  cleared  the  way  by  a  survey  of  the  general  structure 
and  arrangement  of  the  coal-groups,  we  are  now  prepared  to  enter  upon 
an  examination  of  the  resources  of  tiie  more  important  of  the  fields  and 
basins. 

Northern  Coal-group. 

Having  already  enumerated  the  members  of  this  group,  we  must 
content  ourselves  with  treating  them  as  a  whole,  because,  with  the 
exception  of  two  or  three  distinct  fields,  such  as  that  of  the  Lothians^ 
Fife,  and  Lesmahago,  the  coal-bearing  rocks  of  Scotland  are  all  physi- 
cally connected,  and  the  structure  of  each  is  too  complicated  to 
allow  of  treating  them  in  detail  within  the  space  at  my  disposal. 
The  coal-formation  of  Scotland  belongs,  for  the  most  part,  to  the 
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lower  Garboiiifeiroiis  series,  and  is  therefore  of  greater  antiquity  than 
that  of  England.  It  occupies  the  broad  valley  stretching  firom  the 
Firth  of  Forth  to  the  Firth  of  Clyde,  and  is  bounded  on  the  north  by 
the  frontiers  of  the  Highlands,  and  on  the  south,  by  the  hilly  and 
wild  tract  which  gives  birth  to  the  sources  of  the  Tweed.  The  coal- 
seams  are  often  interrupted  by  the  intrusion  of  igneous  rocks,  and  in 
some  places,  the  older  Carboniferous  and  Devonian  formations  rise  to 
the  snrface,  and  terminate  the  continuity  of  the  beds.  There  is  docu- 
mentary evidence  to  show  that  coal  was  worked  in  Scotland  from  at 
least  ihe  fourteenth  centuzy,*  and  the  Celtic  name  for  the  mineral  is  still 
preserved  in  that  of  a  little  tarn,  called  Lough  Glo.  The  total  area  of 
workable  coal  equals  1,720  square  miles,  and  the  total  available  supply 
of  coal  to  a  depth  of  4,000  feet,  amounts  to  25,300  millions  of  tons.! 
The  quantity  raised  in  1861,  was  11,081,000  tons  from  424  col- 
lieries4  In  this  is  included  the  double  coal-trough  of  the  Lothiana 
— the  resources  of  which  were  calculated  with  much  labour  by  Mr. 
Milne-Hulme  and  Mr.  S.  Nicol,  several  years  ago.  It  wiU  be  seen 
from  the  above  estimates,  that  there  is  coal  enough  to  last  at  the  present 
rate  of  consumption  for  about  2,000  years. 

Easkebn  Coal-gboup. 

Hie  Great  Northern  Coal-field. — The  resources  of  this  district  have 
been  more  folly  illustrated  than  those  of  any  other  coal-field  in  England. 
No  less  than  six  distinct  estimates  having  been  made,  and  they  all  come 
to  very  nearly  the  same  conclusion  regarding  the  available  quantity 
of  coal  at  the  time  specified  by  each. 

The  coal-field  extends  from  the  mouth  of  the  Coquet,  on  the 
north,  to  that  of  the  Tyne  on  the  south,  a  distance  of  fifty  miles.  The 
strata  dip  generally  eastward,  and  are  ultimately  concealed  beneath 
the  table-land  of  the  Magnesian  Limestone,  which  is  now  penetrated 
by  shafts  in  search  of  the  subordinate  coal-beds.  The  actual  coal- 
field has  an  area  of  460  square  miles,  but  to  this  we  must  add  the  area 
overspread  by  the  Magnesian  Limestone,  and  other  formations  of  more 
recent  age — that  is,  225  square  miles — ^making  in  all  685  miles,  and 
containing  about  7,200  milUons  of  tons  of  available  coal.  This  coal- 
field has  from  the  infancy  of  mining  been  one  of  the  greatest  pro- 
ducers ;  and  from  its  store  the  Metropolis  of  the  Empire  has  prin- 
cipally been  supplied.    The  consumption  is  still  steadily  increasing, 

*  JEaei  Sylvii  Opera,  p  443. 

t  '  Goal-fields  of  Great  Britain,'  2nd  edit.,  p.  179.  I  must  here  apologize  to 
the  reader  for  quoting  myself,  which  I  do  for  the  simple  reason  that  there  is 
no  other  authority  extant  for  the  resources  of  all  the  British  Goal-fields,  though 
there  are  for  a  few  special  ones  which  shall  be  stated.  The  calculations  contained 
in  my  work  were  made  with  much  care,  and  have  been  used  by  Sir  W.  Armstrong, 
President  of  the  British  Association.  I  may  here  state,  in  order  to  ayoid  the 
appearanoe  of  dogmatism,  that  in  dealing  with  so  large  a  question  as  the  number 
of  tons  of  coal  in  any  of  our  coal-fields,  the  figures  do  not  pretend  to  be  more  than 
close  approximations  to  the  reality,  but  it  would  be  a  useless  repetition  to  place 
before  each  group  of  figures  such  words  as  "  about,"  **  approximately,"  ••  nearly," 
&c.,  which  the  rc»der  is  requested  mentally  to  introduce  for  himself. 

X  Hunt's  'Mineral  Statistics  of  Great  Britain*  for  1861. 
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and  in  1861  reached  19,144,965  tons.  Supposing  the  amount  to  reach 
20  millions,  the  supply  would  last  360  years.  '  The  calculation  of 
Mr.  T.  Y.  Hall,  in  1864,  was  365  years. 

Coal-field  of  Yorkshire,  Derbyshire,  and  Notts. — This  is  the  largest 
coal-field  in  England,  and  extends  from  Bradford  and  Leeds  on  the 
north,  nearly  to  Derby  and  Nottingham  on  the  south,  a  length  of  sixty 
miles.  Towards  the  northern  outcrop,  the  strata,  which  had  pre- 
viously maintained  a  meridional  direction  ,  throughout  a  distance  of 
about  fifty  miles,  suddenly  bend  round  at  right-angles,  and  trending 
eastward,  are  ultimately  lost  beneath  the  Magnesian  Limestone  which 
passes  over  their  edges,  and  rests  on  the  Millstone  Grit.  The  same 
beds  again  re-appear  in  the  northern  coal-field,  and  there  is  good  reason 
for  beHeving,  with  Professor  Phillips,  that  these  two  districts  are  phy- 
sically connected  beneath  the  more  recent  formations,  as  indicated  on 
the  map  by  the  faint  shading. 

The  general  dip  of  the  coal-strata  is  eastward;  but  there  are 
several  rolls  or  troughs  running  north  and  south  through  the  centre 
of  the  field.  The  coal,  which  is  of  very  fine  quality,  is  known  as 
"  splint,"  from  its  splintery  fractures. 

In  estimating  the  resources,  a  considerable  addition  must  be  made 
to  the  area  of  the  actual  coal-field,  for  the  available  coal-ground  con- 
cealed beneath  the  Magnesian  Limestone  and  Trias  on  the  east,  amounts 
to  probably  one-half  as  much  again.  The  exact  distance  to  which  the 
coal-measures  extend  in  this  direction  is,  of  course,  at  present  a  matter 
of  conjecture,  and  will  probably  never  be  known,  as  the  overlying  strata 
increase  in  thickness  the  further  we  proceed  eastwards ;  but  the  distance 
is  certainly  considerable.  The  Permian  beds  have  already  been 
pierced  in  several  places  by  collieries,  one  of  the  most  remarkable  being 
that  recently  sunk  on  the  property  of  the  Duke  of  Newcastle  at  Shire- 
oaks,  in  which  the  Permian  beds  were  found  to  be  66  yards  in  thickness. 
Taking  the  area  of  the  coal-field  at  760  square  miles,  and  that  of  the 
available  ground  occupied  by  the  Magnesian  Limestone  at  400,  there  will 
thus  be  1,160  square  miles  with  coal,  an  area  larger  than  the  coal-basin 
of  South  Wales,  and  only  less  than  that  of  Scotland.  The  available 
quantity  of  coal  will  not  fall  short  of  16,800  millions  of  tons.  The 
quantity  raised  in  1861  was  14,490,919  tons,  so  that  at  this  rate  of 
consumption  there  is  sufficient  to  last  for  upwards  of  a  thousand  years. 
There  were  in  1861  about  577  collieries,  of  which  only  five  passed 
through  the  Magnesian  Limestone  in  1859.* 

The  Westkbn  Coal-gbottp. 

The  Western  Coal-Group  is  bounded  on  the  north  by  the  Lanca- 
shire coal-field,  on  the  east  by  those  of  North  Staffordshire,  Leicester- 
shire, and  Warwickshire ;  on  the  south  by  those  of  South  Staffordshire 
and  Shropshire,  and  on  the  west  by  those  of  Denbigh  and  Flintshire. 
The  strata  of  these  respective  coal-fields  have  a  general  dip  towards 
the  centre  of  this  great  basin,  which  is  occupied  by  Triassic  and  Per- 

*  As  I  am  infonned  by  Mr.  0.  Morton,  Her  Majeety's  Inspector.    There  moj 
have  been  a  few  more  since  that  time. 
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jn\sm  beds,  and  there  can  scarcely  be  a  question  that  the  coal-formation 
extends  underneath  over  the  whole  area  (as  represented  in  the  map), 
though  often  at  very  great  depths.  The  following  diagram  (Fig.  8) 
will  give  an  idea  of  Ihe  manner  in  which  the  Carboniferous  beds  rise 
from  beneath  the  newer  formations  at  the  eastern  and  western  sides  of 
the  basin. 

Fig,  3.— Section  of  (he  Western  Coal^oup, 
North  Wales  Dert^yrtilre 

Hills.  Hills. 

Cheshire  FIaId. 

The  mineral  resources  of  this  yast  area,  which  is  not  less  than  4,700 
square  miles,  are  practically  inexhaustible  were  it  possible  to  work  the 
coal  oyer  the  whole  of  it,  but  such  an  idea  is  altogether  visionary,  as 
the  overlying  formations  often  attain  a  thickness  of  5,000  feet,  which 
would  have  to  be  passed  through  before  reaching  the  first  seam.  I 
shall  hereafter  endeavour  to  show  that  such  a  depth  is  probably 
beyond  the  reach  of  mining  enterprise,  at  least  with  our  present 
mechanical  appliances.  I  therefore  pass  at  once  to  the  consideration 
of  the  available  portion  near  the  margin. 

South  Lancashire. — Owing  to  the  great  demand  for  coal  arising  from 
the  extent  of  population  and  manufactures  in  this  country,  this  coal- 
field is  being  heavily  taxed.  The  area  of  the  coal-bearing  portion*  is 
192  square  miles.  The  field  extends  from  Rainford  and  Prescot  on 
the  west  to  Ashton-under-Lyne  on  the  east,  at  which  place  it  bends 
southward  into  Cheshire,  and  throws  out  a  small  arm  as  far  as  Poynton. 
The  general  dip  of  the  strata  is  southward,  and  the  seams  descend 
under  the  Triassic  rocks  of  Cheshire.  Within  a  vertical  limit  of  4,000 
feet  there  is  an  available  quantity  of  coal  to  the  extent  of  8,700  mil- 
lions of  tons,  and  the  quantity  raised  in  1861  was  about  12  millions,  at 
which  rate  of  consumption  the  coal  would  last  for  about  800  years. 

The  Burnley  Coal-Basin, — This  tract  lies  considerably  to  the  north 
of  the  main  field.  It  is  in  form  a  half-basin,  bounded  on  the  south- 
east side  by  a  large  f&ult.  It  has  an  area  of  20  square  miles,  and  a 
combined  thickness  of  40  feet  of  coal.  The  available  quantity  is  about 
270  millions  of  tons,  and  the  annual  yield  about  one  million. 

Flintshire  and  Denbighshire  Coal-fields, — These  two  fields  occupy 
the  same  general  range  of  hills,  rising  above  the  Triassic  plains  of 
Cheshire  and  Salop.  The  former  is  rapidly  approaching  exhaustion, 
owing  to  the  fact  that  the  seams  nowhere  descend  to  any  great  depth, 
but  are  repeatedly  brought  to  the  surface  by  faults;  consequently 
they  have  been  largely  worked  in  the  days  of  shallow  pits.  At 
Mostyn,  coal  is  worked  under  the  sea,  and  attempts  have  been  made  to 
reach  the  seams  beneath  the  New  Bed  Sandstone.  The  area  of  the  field 
is  85  square  miles,  and  there  remains  for  future  supply  little  more  than 
20  millions  of  tons,  of  which  the  present  generation  may  see  the  end. 

*  This  ia  exclusive  of  the  hilly  diBtriet,  in  which  there  are  oceaaional  thin 
feams,  known  as  "  mountain  mines.'* 
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The  Denbighshiie  field,  on  the  other  hand,  has  a  somewhat  larger 
area,  and  holds  a  very  mnch  greater  quantity  of  coal.  It  occupies  about 
47  square  miles,  and  has  an  ayailable  store  of  490  miUions  of  tons. 
The  seams  dip  eastward  (eee  Fig.  8),  under  large  tracts  of  Permian 
and  Triassic  beds,  and  were  the  minerals  capable  of  being  followed 
in  the  direction  of  the  dip,  the  supply  mi^t  be  almost  indefinitely 
extended.  The  quantity  raised  in  1861  from  these  two  coal-fields, 
amounted  to  1,870,250  tons. 

North  Staffordshire  Goai-fieM, — Oonsidering  its  extent,  this  is  one 
of  the  richest,  and  at  the  same  time  least  developed,  coal-fields  in 
Britain.  With  an  area  of  75  square  miles,  a  vertical  thickness  of 
5,000  feet  of  coal-bearing  strata,  containing  22  valuable  seams,  as 
well  as  several  very  rich  beds  of  ironstone  ;  there  are  only  a  few  mines 
of  any  great  depth,  and  a  considerable  portion  of  the  district  may  be 
considered  virgin  ground.  At  the  same  time  mining  operations  are 
being  rapidly  extended,  so  that  between  the  years  1857-61,  the  quan- 
tity of  coal  raised  had  doubled  itself,  and  in  the  latter  year  it  reached 
2,372,500  tons. 

The  shape  of  this  coal-field  is  nearly  triangular,  with  its  apex  to 
the  north.  Towards  the  south  and  west  the  coal-measures  dip  at 
moderate  angles  under  Permian  and  Triassic  formations,  which  at  no 
distant  day  will,  in  all  probability,  be  invaded  by  collieries.  The 
available  supply  of  coal  for  future  use  is  not  less  than  1,600  millions 
of  tons,  which  is  capable  of  sustaining  the  present  dram  for  nearly 
700  years. 

The  Cheadle  coal-field  is  separated  from  that  of  North  Stafford- 
shire by  a  ridge  of  Millstone  Grit,  and  contains  only  a  few  of  the  lower 
seams.     In  an  economic  point  of  view  it  is  unimportant. 

Soaih  Staffordshire  Coal-field. — This  coal-field  is  remarkable  from 
the  fEMst  that  it  has  been  upheaved  bodily  through  the  Triassic  rocks 
along  two  lines  of  dislocation  which  bound  it  on  the  east  and  west  sides. 
Unlike  that  just  described  as  in  the  freshness  of  youth,  this  may  be  con- 
sidered as  having  passed  the  meridian  of  its  career,  and  as  being  on  the 
Terge  of  old  age.  Its  extraordinary  richness  has  been  the  principal 
cause  of  its  early  decb'ne,  and  the  treasures  easily  acquired  have  been 
often  recklessly  squandered.  No  district  in  Britain  has  been  more  fa- 
voured by  nature  in  the  richness  of  its  stores  of  coal  and  iron,  but  un- 
fortimately  for  their  efficient  and  economical  working,  they  have  been 
placed  too  near  the  surface,  and  consequently  have  been  mined  by 
means  of  a  vast  number  of  small,  ill-managed  coal-pits,  instead  of  on 
a  well-regulated  system  of  mining,  such  as  is  involved  in  the  working 
of  more  extensive  collieries.  In  some  places  the  water  from  the  old 
excavations  has  been  allowed  to  accumulate  to  such  a  degree  that 
large  areas  are  hopelessly  drowned  out,  and  in  others  much  of  the 
ooal  has  been  wasted.  At  the  same  time  this  mineral  wealth  has 
given  rise  to  the  concentration  of  an  enormous  amount  of  manu&c- 
turing  industry,  and  the  spectacle  of  blast-furnaces,  foundries,  coal 
and  iron-pits,  and  houses  interlaced  by  a  network  of  canals,  railways, 
and  roads,  which  the  "  black  country  "  presents,  is  fftmiiyr  to  most  of 
our  readers. 
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Over  the  sonthem  half  of  the  field*-that  is,  south  of  the  Bentley 
fault— a  ooal-seam  no  less  than  30  feet  thick  is,  or  was,  spread.  It  is 
called  the  '*  Dudley  10-yard  seam,"  and  is  the  thickest  in  England,  if 
not  in  Britain.  North  of  the  fanlt  it  is  split  up  into  nine  separate 
seams,  which  collectively  form  80  feet  of  coal.*  The  area  of  the  coal- 
field is  98  square  miles,  and  of  the  original  quantity  of  3,000  millions 
of  tons  of  coal,  not  more  than  960  millions  remain.  The  production 
of  ooal  has  of  late  years  rapidly  increased,  and  in  1861  it  reached 
7,258,750  tons  from  580  collieries.  Taking  the  future  production  at 
eight  i^illions  of  tons,  the  coal  would  last  120  years. 

Colebrook  Dale  Coal-field. — This  district  is  even  further  advanced 
towards  exhaustion  than  the  one  we  have  just  considered.  The  coal 
has  been  worked  here  more  than  a  thousand  years,  for  it  was  found  in 
the  ruins  of  Uriconium,!  and,  with  the  rich  seams  of  ironstone,  has 
laid  the  foundation  of  several  celebrated  iron  manufactories.  Over 
the  larger  part  of  the  field  both  minerals  have  been  already  worked 
out,  and  the  only  place  where  they  yet  remain  entire  is  idong  the 
eastern  edge.  The  miles  of  countzy  covered  by  mounds  of  slag,  and 
waste  heaps  of  fonner  mines,  bear  witness,  even  to  the  casual 
passer-by,  that  the  earth  has  been  despoiled  of  all  her  treasures. 

The  area  of  the  field  is  28  square  miles.  The  beds  dip  eastward, 
and  may  one  day  be  followed  under  the  Permian  and  New  Red  Sand- 
stone ;  but  there  are  certain  irregularities  in  the  stratification  of  this 
coal-field,  that  render  it  uncertain  to  what  extent  the  beds  of  coal 
underlie  the  newer  formations.  Only  one-third  of  the  original 
quantity  of  workable  coal  remains,  which  we  may  place  at  14  millions 
of  tons.  In  1861  the  quantity  raised  was  829,750  tons,  so  that  twenty 
years  hence  the  coal  will  in  all  probability  be  exhausted. 

Leieesterahire  Coal-field, — This  is  a  small,  but  rich  district,  as  it 
contains  one  seam  12  or  14  feet  in  thickness,  and  several  others  of 
value.  On  the  Coleorton,  or  eastern  side,  there  are  several  collieries 
which  are  situated  on  the  Trias,  and  it  was  here,  at  Whitwick  colliery, 
that  Gleorge  Stephenson,  with  that  power  of  observation  so  remarkable 
in  him,  first  came  to  the  conclusion  that  the  coal-measures  dipped 
tmder  the  New  Bed  Sandstone,  and  then  demonstrated  the  &ct  by 
flinlriiig  a  shaft  to  the  main  coal4 

The  area  of  this  field  is  upwards  of  15  square  miles,  of  which  a 
part  is  concealed  by  newer  formations,  with  an  available  supply  of 
140  millions  of  tons.     The  quantity  raised  in  1861  was  740,000  tons. 

Warwickshire  Coal-field, — The  position  of  this  coal-field  is  interest- 
ing from  the  fitct  that  it  forms  the  farthest  prolongation  of  the  Cazbo- 
niferous  strata  towards  the  south-east  of  England.  It  occupies  a  long 
and  narrow  strip  of  country,  stretching  from  near  Tamworth  to  Wyken, 
a  distance  of  15  miles.  The  strata  dip  to  the  south-west  under  large 
tracts  of  the  Permian  formation,  where  the  coal  lies  at  accessible 
depths,  and  will  greatly  prolong  the  resources  of  the  district.    The 

*  Mr.  J.  B.  Jukes*  'Memoir  on  the  North  Sta£Ebrdshire  Coal-field/  2nd  edition, 
t  Or  Wrozeter.    Mr.  T.  Wright  states  that  cinders  were  discovered  under 
several  of  the  hypocausts. 

%  SmQes' '  uSe  of  G.  Stephenson.' 
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area  of  the  coal-field  is  80  square  miles,  and  the  available  supply 
about  400  millions  of  tons,  to  which  a  very  large  addition  must  be 
made  for  the  quantity  underlying  the  Permian  formation.  In  1861 
the  produce  of  this  coal-field  was  only  647,000  tons,  which  cannot  be 
said  to  be  in  due  proportion  to  the  resources. 

The  small  and  but  slightly  productive  districts  of  Shrewsbury,  the 
Forest  of  Wyre,  and  the  Clee  Hills,  do  not  require  special  notice  here, 
farther  than  to  intimate  their  existence. 

• 

SOUTHBBN   GOAL-GBOUP. 

Forest  of  Dean  Coal-hasin, — In  structure,  this  is  a  more  perfect 
basin  than  any  in  Britain,  as  the  sti'ata  everywhere  dip  from  the  cir- 
cumference towards  the  centre  (Fig.  1 ).  It  is  by  no  means  opened  up  to 
the  exte&t  of  its  capabilities,  and  for  the  most  part  presents  the  aspect  of 
rich  forest  scenery,  with  only  an  occasional  coal-pit  chimney  at  wide 
intervals  rising  in  the  midst  of  the  trees.  Its  area  is  34  square  miles, 
and  it  contains  about  560  millions  of  tons  of  available  coal.  The 
annual  produce  is  about  1,000,000  tons,  which  in  a  few  years  will  be 
considerably  extended  by  the  introduction  of  railways  now  in  process 
of  construction. 

Bristol  and  Somersetshire  Coal-basin, — The  greater  portion  of  this 
basin  is  unconf ormably  overlaid  by  a  newer  formation  of  Trias,  through 
which  the  coal-measures  only  appear  at  intervals  :  yet  its  general  form 
has  been  pretty  well  ascertained  by  means  of  collieries  and  borings. 
Including  the  parts  occupied  by  Bed  Marl  and  Lias,  the  area  is  not 
less  than  150  square  miles,  with  51  seams  of  coal  distributed  through 
6,000  feet  of  strata.  Of  these  seams,  however,  only  20  are  of  a  thick- 
ness of  2  feet  and  upwards,  and  owing  to  some  special  physical  impe- 
diments (such  as  the  presence  of  ^e  "  Pennant  Grit "),  very  large 
deductions  require  to  be  made  before  arriving  at  the  available  supply. 
This  quantity  I  do  not  place  at  a  higher  figure  than  2,000,000,000  tons. 
The  produce  for  1861  was  1,025,525  tons. 

South  Wales  Coal^asin, — The  greatest  of  our  coal-basins  is  the  last 
but  one  to  be  described.  It  is  truly  an  astonishing  reservoir  of  mine- 
ral fuel,  whether  we  regard  it  for  its  actual  area,  not  less  than  910 
square  miles ;  the  enormous  thickness  of  the  strata  stored  with  coal, 
reaching  10,000  feet ;  the  vertical  accumulation  of  coal,  stated  by  one 
authority  to  be  from  70  to  100  feet  in  thickness ;  *  or  lastly,  from  the 
symmetrical  form  of  its  outline,  which  is  nearly  that  of  a  pear.  It  is, 
in  &ct,  an  elongated  basin  or  trough  in  which  the  strata  dip  towards 
the  central  axis,  that  axis  itself  at  the  same  time  coinciding  with  a 
great  upheaval  of  the  strata  in  the  form  of  a  roll  or  anticlinal.  The 
ooal-field  is  divided  into  three  districts  :  the  west,  yielding  anthracite  ; 
the  centre,  steam  coal ;  and  the  east,  bituminous  coal.  The  richer 
beds  lie  near  the  bottom,  and  these  are  often  placed  within  reach  of 
mining  operations  by  the  great  depth  of  the  valleys,  which  penetrate 
for  miles  into  the  central  high-lands,  laying  bare  the  strata  many  hun- 
dred feet. 

♦  Mr.  H.  H.  Vivian,  *  Speech  on  the  Conl  Clause/  House  of  Commons,  1861. 
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The  qnantity  of  available  coal  yet  remaining  is,  according  to  my 
own  calculations,  24,000,000,000  tons.  This  is  one-half  the  whole 
amount  originally  contained  in  the  basin,  a  very  large  portion  of  which 
is  at  a  depth  below  4,000  and  5,000  feet.  The  produce  of  the  813 
collieries  in  1861  was  6,690,771  tons,  which  is  considerably  lower  than 
in  prcYious  years,  probably  from  the  falling  off  in  the  export  trade 
owing  to  the  American  war,  but  even  should  the  amount  reach  ten 
millions  of  tons,  there  is  enough  to  last  2,400  years,  or  to  supply  the 
whole  consumption  of  Great  Britain  for  about  300  years, — a£eu)t  which 
one  might  suppose  ought  to  set  the  mind  of  the  public  at  rest  on  the 
subject  of  our  coal-resources.* 

Cumberland  Coal-field. — This  being  detached  from  any  of  the  above 
groups,  I  have  reserved  for  the  last.  It  forms  a  small  band  stretching 
along  the  sea,  from  Whitehaven  to  Maryport,  and  has  been  worked  from 
very  ancient  times,  as  we  have  documents  showing  that  the  seams  had 
been  followed  under  the  sea  as  early  as  the  beginning  of  the  18th  cen- 
tury. The  area  of  the  coal-field  is  25  square  miles,  and  the  quantity 
of  coal  remaining  for  use  about  90  millions  of  tons. 

The  following  summary  of  the  above  shall  conclude  this  part  of  the 
subject. 

General  Summwry.^ 


OTOI9. 

Area, 
square  mileB. 

Beaooroeflin        p-«^„««  ioai 
mimonflof  tons.      *^«««»«  ^^' 

1 

Number  of 
CoUierles. 

Northern     .     .     . 
Eastern  .... 
Western      .     .    . 
Southern     .     .    . 
Cumberland    .    . 

1,920 

1,845 

535 

1,094 

25 

25,300 

24,000 

7,594 

26,560 

90 

11,081,000 
34,635,884 
25,643,000 
13,201,796 
1,255,644 

424 

848 

1,158 

516 

28 

6,419 

83,544 

86,817,324 

2,974 

The  above  figures  being  rendered  into  words,  mean  that  there  are 
in  Great  Britain,  within  a  depth  of  4,000  feet  from  the  surface, 
83,544,000,000  of  tons  of  coal  available,  and  that  this  quantity  divided 
by  the  quantity  raised  in  1861,  say  86,000,000  of  tons,  would  last  for 
about  970  years. 

Having  thus  determined  approximately  the  resources  of  our  coal- 
fields, and  making  no  pretensions  to  prophecy,  it  might  be  wise,  perhaps, 
to  close  this  article  without  venturing  one  word  regarding  the  future. 
Nothing  is  more  liable  to  error  than  prospective  statistics ;  the  only 
person  who  is  privileged  to  make  use  of  them  being  the  Chancellor 
of  the  Exchequer  for  fiie  time  being.     At  the  same  time,  the  falsifi- 

*  The  estimates  of  Mr.  Yivian  are  mnoh  larger  than  my  own  ;  but  I  think 
he  has  fallen  into  the  error  of  multiplying  the  avemge  thickness  of  coal  into  the 
full  area ;  whereas  the  range  of  some  seams  is  very  far  short  of  that. 

t  The  produce  and  number  of  collieries  are  from  the '  Mineral  Statistics  of  Great 
Britain,'  for  1861,  by  B.  Hunt,  FJEI.S.,  but  difierently  airanged  to  salt  the  classifi- 
cation into  groups  here  adopted. 
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cations  to  whicli  the  estimates  of  tliis  great  fimctionary  are  often  sub- 
ject, may  well  be  a  warning  to  all  would-be  minor  prophets  not  to 
yenture  on  forbidden  ground.  We  feel  it,  howeyer,  necessary  to  say  a 
few  words  in  vindication  of  what  may  appear  the,  somewhat  arbitrary, 
limit  of  depth  which  we  have  adopted  in  the  above  calculations  of  our 
coal  resources.  The  reader  will  be  justified  in  inquiring,  why  we 
prefer  4,000  feet  to  5,000  on  the  one  hand,  or  8,000  on  the  other,  and 
he  is  therefore  entitled  to  a  reply,  though  it  must  be  a  brief  one. 

Taking  the  latter  figure  first,  we  may  state  at  once  that  this  depth 
has  already  been  attained,  or  very  nearly  so,  in  more  than  one  colliery, 
both  in  our  own  country  and  on  the  Continent,*  and  no  colliery  mana- 
ger will  maintain  that  the  limit  has  been  here  reached. 

With  regard  to  5,000  feet  as  a  limit  of  depth  the  case  is  otherwise ; 
for  we  have  reason  to  conclude  that  supposing  this  depth  to  have  been 
attained,  the  temperature,  not  to  speak  of  other  obstacles,  would  be 
found  so  high  as  to  forbid  the  employment  of  human  labour. 

The  increase  of  temperature  as  we  penetrate  from  the  surfieu^,  is  a 
law  which  has  been  established  on  the  evidence  of  a  large  number  of 
observations  in  all  parts  of  the  world.  In  our  own  country  very  in- 
teresting and  careful  experiments  have  been  made  in  several  mines ; 
both  in  the  metallic  mines  of  Cornwall,  and  the  coal  mines  of  the  North 
of  England.f  Having  on  a  previous  occasion  given  the  experiments 
in  detail,  the  results  need  only  be  stated  here,  and  are  summarised  in 
the  following  table,  together  with  the  temperatures  calculated  to  a  depth 
of  4,000  feet. 

TMe  of  Increase  of  Temjperaiure  for  Depth, 


Depth  in  feet. 


1,500 
2,000 
2,500 
3,000 
3,500 
4,000 


iDcreaaeof 

Temperature  due 

to  Depth. 


21-42 

27-85 

35-5 

42-14 

49-28 

56-42 


Increase 

due  to  Density 

of  Air. 


5-0 
6-5 
8-5 
9-83 
11-66 
13-16 


ResolUng 
Temperatore. 


76-92 

84-85 

94-00 

102-47 

111-44 

120-08 


Lithe  above  table  "the  temperature  of  no  variation"  adopted,  is 
50*5''  at  a  depth  of  50  feet  from  the  surface. 

From  the  foregoing  tables  it  will  be  seen  that  even  at  a  depth  of 
4,000  feet,  a  temperature  may  be  expected  more  than  tropical,  though 
less  than  it  would  be  at  5,000  feet,  and  sufficient,  we  think,  to  pli^ 

*  One  shaft  in  Belgium,  we  are  assured,  is  932  yards  in  depth.  In  Saxony, 
there  is  another  upwards  of  800  yards ;  and  in  the  Dukinfleld  Colliery,  the  blade 
mine  has  been  followed  to  a  depth  of  940  yards  from  the  sorfiice. 

t  Experiments  made  at  Rose  Bridge  Colliery,  Wigan^  and  Dukinfleld  Colliery, 
Ashton-under-Lyne,  and  detailed  at  length  in  the  '  Coal-fields  of  Great  Britain,' 
pp.  223-282.  The  latter  were  first  published  by  Mr.  W.  Hopkins,  FJR.8.,  in  the 
'  Philosophical  Transactions,'  vol.  cxlviL 
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the  limit  of  depth  within  the  last-mentioned  figure.  The  means  by 
which  the  temperature  even  at  4,000  may  be  rednced  so  as  to  admit 
of  healthful  labour  is  ventilation,  and  the  question  remains,  to  what 
extent  can  this  be  accomplished.  A  series  of  interesting  experiments 
undertaken  at  my  request  by  Mr.  Bryham,  at  Rose  Bridge  Colliery, 
Wigan,  enables  us  to  arrive  at  the  following  general  conclusion  : — that 
in  a  mine  of  ordinary  extent,  the  temperature  can  be  lowered  by 
20°  or  80°,  according  to  the  distance  from  the  shaft;,  and  the  season 
of  the  year.  The  cool  air  of  winter  reduces  the  heat  of  the  mine  more 
than  that  of  summer  time,  so  that  even  with  a  depth  of  4,000  feet  it 
may  be  often  impossible  to  excavate  the  coal  except  during  the  colder 
months  of  the  year. 

Space  will  not  admit  of  our  doing  more  than  to  glance  at  the  past 
history  and  future  prospects  of  coal-mining.  It  may  be  said  that  up 
to  the  end  of  the  last  century,  the  art  had  only  smouldered.  It  was 
when  the  invention  of  the  steam-engine  revolutionized  the  industry  of 
this  country,  that  mining  burst  forth  with  an  energy  previously  un- 
approached.  Probably  not  more  than  ten  millions  of  tons  of  coal 
were  raised  at  the  commencement  of  this  century ;  yet  in  1880  the 
quantity  raised  was  thirty  millions,  and  in  1851  not  less  than  fifty-four 
millions.*  From  1854  downwards,  we  have  the  returns  of  the  Mining 
Becord  Office,'}'  which  show  a  general  tendency  to  expansion,  though 
with  fluctuations ;  the  maximum  having  been  reached  in  1861,  when 
the  enormous  quantity  of  eighty-six  nullions  of  tons  was  brought  to 
the  surface. 

Notwithstanding  these  facts,  however,  it  would  be  rash  to  assume 
that  the  experience  of  the  past  is  to  be  a  criterion  of  the  future.  We 
neither  wi^  for,  nor  expect,  an  increase  during  the  remainder  of  this 
century  at  all  proportionate  to  that  of  the  earlier  half,  and  tiiis  view  is 
borne  out  by  some  of  the  later  returns.  Some  of  our  coal-fields,  as 
has  been  shown,  have  passed  their  meridian,  and,  having  expended 
their  strength,  are  verging  on  decay.  Others  have  attained  their 
maximum,  or  nearly  so ;  this  indeed  is  the  case  with  the  majority.  The 
younger  coal-fields  will  have  much  of  their  strength  absorbed  in  com- 
pensating for  the  faUing  off  of  the  older ;  so  that  in  a  few  years  the 
whole  of  our  coal-producing  districts  will  reach  a  stage  of  activity 
beyond  which  they  cannot  advance,  but  around  which  they  may 
oscillate.  Entertaining  these  views,  I  am  inclined  to  plaice  the 
possible  maximum  of  production  at  one  hundred  millions  of  tons  a 
year ;  and  yet  it  has  been  shown  that  even  with  this  enormous  "  out- 
put," there  is  enough  coal  to  last  for  eight  centuries. 

*  On  the  authoritj  of  Mr.  J.  Dickinflon,  Her  Majesty's  Inspector  of  Goal 
Mines. 

t  'Mineral  Statistics,'  1854-61. 
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OCEANIC  TELEGRAPHY. 

I.    Thb  Deep-Sea  Bed  of  the  Atlantic  and  its  Inhabitants. 

By  Dr.  G.  C.  Wallioh,  F.L.S. 

The  sounding  macliine  has  already  conducted  us  to  the  confines  of  an 
unexplored  world.  It  has  enabled  us  to  penetrate  the  secret  so  long 
and  so  steadfastly  concealed  by  nature  beneath  the  waters  of  the 
ocean,  by  placing  within  our  grasp  the  still  living  forms  of  creatures 
differing  in  no  material  respect  from  some  of  those  inhabiting  moderate 
depths,  yet  capable  of  sustaining  existence  under  the  extraordinary 
conditions  known  to  prevail  amidst  the  more  profound  abysses  of  the 
sea-bed.  In  short,  it  has  taught  us  that  our  preconceived  views  con- 
cerning the  incompatibility  of  these  conditions  with  the  performance 
of  fanctions  which  are  essential  to  life,  are  erroneous  and  demand  most 
careful  revision. 

The  fetct,  as  thus  stated,  appears  simple  enough,  and  may,  by 
many  persons,  be  regarded  as  involving  purely  scientific  issues.  It 
will  be  our  aim,  however,  to  show  that  this  is  by  no  means  the  case ; 
and  that,  whilst  the  interest  attaching  to  the  discovery  of  animal  life 
under  such  circumstances  is  undoubtedly  great,  and  Hkely  to  lead  to 
valuable  results  in  every  department  of  Natural  History,  the  prac- 
tical bearing  of  this  discovery  on  the  question  of  Oceanic  Telegraphy 
is  of  no  less  important  a  character.  But  in  order  to  render  ourselves 
intelligible,  we  must  briefly  direct  attention  to  what  was  known  on  the 
subject  prior  to  the  time  when  it  assumed  its  present  aspect  through 
the  discovery  of  living  star-fish  procured  from  a  depth  of  nearly  a 
mile-and-arhalf  below  &ie  surface. 

Without  stopping  to  notice  the  various  conjectures  regarding  the 
nature  of  the  deep-sea  bed,  which  had  previously  been  hazarded,  it 
may  suf&ce  to  mention  that  specimens  of  the  material  of  which  it  is 
composed  were,  for  the  first  time,  systematically  obtained  about  ten 
years  ago.  These  consisted,  for  the  most  part,  of  an  extremely  fine 
mud,  with  a  large  proportion  of  microscopic  shells  belonging  to  one* 
of  the  simplest  forms  of  animal  life  with  which  we  are  acquainted. 
Some  of  the  shells  retained  a  considerable  portion  of  the  gelatinous 
substance  of  which  the  bodies  of  this  class  of  organisms  is  com- 
posed. But  at  this  point  the  evidence  failed.  For  whilst  the  £B.ct 
of  these  organisms  having  been  raised  from  vast  depths  was  too 
clearly  established  to  admit  of  the  slightest  doubt,  it  is  manifest  that 
they  might  have  been  drifted  from  shallow  water  by  oceanic  currents, 
or  have  lived  near  the  surface  of  the  sea,  and  gradually  subsided  to  the 
bottom  after  death.  Accordingly,  the  mere  presence  of  the  gelatinous 
substance  of  which  their  bodies  are  formed,  when  taken  in  connection 
with  the  well-known  preservative  power  of  sea-water  highly  charged 
with  saline  matter,  affords  no  proof  whatever  of  the  creatures  having 
Hved  in  the  localities  from  which  they  had  been  conveyed  by  the 
Bounding  machine.  But  although  the  determination  of  the  question 
as  to  whether  animal  life  can  be  sustained  at  such  depths  was 
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reserved  for  a  later  period,  these  earlier  soundings  were  not  barren  of 
bighlj  important  results ;  for  they  enabled  Professor  Ehrenberg,  on 
comparison  of  the  material  obtained  from  the  bottom  with  that 
entering  into  the  formation  of  chalk,  to  announce  the  extraordinary 
&ct,  that  this  rock  is  built  up,  atom  by  atom,  of  shells  similar  to 
those  met  with  in  such  profusion  along  the  bed  of  the  ocean ;  and 
farther,  that  it  must  have  been  deposited  under  conditions  similar 
to  those  now  prevailing ;  thereby  furnishing  the  clearest  proof  that 
the  great  forces  which  were  in  operation  at  the  sea-bed  countless  ages 
ago,  are  in  operation  still ;  and  will,  in  all  probability,  continue  to  be 
so  tiirough  all  time. 

We  now  arrive  at  the  period  when  the  survey  of  the  sea-bed 
received  a  fresh  and  powerful  impulse  from  the  project  of  establishing 
commimication  between  Europe  and  America  by  means  of  a  Telegra- 
phic Gable.  With  a  view  to  ascertain  the  general  contour  and  com- 
position of  the  portion  of  the  Atlantic  it  was  proposed  to  traverse,  an 
expedition  was  sent  by  the  Government  of  the  United  States,  to  sound 
from  shore  to  shore.  But  unfortimately,  the  information  elicited  in 
the  course  of  this  survey  was  so  vitiated  by  inaccuracies  as  to  have 
induced  the  eminent  ofBicer,  then  in  charge  of  the  Hydrographic 
department  at  Washington,  to  pronounce  it  untrustworthy.  A  second 
expedition  was  accordmgly  equipped,  under  the  auspices  of  the  British 
Government.  Of  the  accuracy  of  the  depths  recorded  on  this  occasion 
there  could  be  no  doubt.  But  the  intervals  between  the  positions  at 
which  soundings  were  taken  were  so  great,  and  the  means  of  obtaining 
specimens  of  ^e  bottom  so  imperfect,  that,  looking  at  the  matter  as 
we  now  do  after  the  event,  it  seems  impossible  to  regard  the  informa- 
tion elicited  as  in  any  degree  adequate  to  meet  the  requirements  of 
the  enterprise  for  which  the  survey  was  undertaken.* 

It  is  true  these  soundings,  as  far  as  they  went,  indicated  no 
extreme  alternations  of  level  sdong  the  course  traversed.  But,  on  the 
other  hand,  nothing  could  be  more  hazardous  than  to  assume,  because  a 
certain  degree  of  uniformity  as  to  depth  manifests  itself  at  the  isolated 
spots  on  which  soundings  were  taken,  that  a  like  degree  of  imiformity 
must  prevail  over  the  wide  intervening  spaces.  Of  the  spaces  them- 
selves we  know  literally  nothing.  Nevertheless  on  these  imperfect 
premises  was  it  maintained,  and  by  many  persons  believed,  that  the 
entire  central  tract  of  the  Atlantic,  instead  of  being  characterized  by 
variations  of  level  and  occasional  areas  of  naked  and  perhaps  rugged 
rock,  such  as  we  might  expect  to  encounter  here  and  there  in  a  region 
so  extended,  consists  of  a  level  plateau,  the  entire  surface  of  which  is 
covered  by  a  soft  stratum  of  mud,  similar  to  that  indicated  by  the 
earlier  soundings.  Now,  it  must  be  obvious  to  every  one  that,  how- 
ever steep  a  submerged  declivity  may  be,  unless  the  depth  is  ascer- 
tained at  two  or  more  consecutive  points,  the  information  elicited  will 
be  the  same  as  if  the  sounding-machine  had  been  dropped  on  the  most 
perfect  level.   And  accordingly,  for  aught  these  soundings  have  shown 

*  To  render  this  statement  intelligible,  it  may  be  mentioned  that  along  1 ,800 
milee  of  the  Mid-Atlantic  Telegraph  route,  only  forty-one  soundings  were  taken, 
the  interyals  varying  between  32  and  71  geographical  miles. 
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to  tbe  contraiy,  the  bed  of  the  Atlantic  may  present  features  the  most 
opposite  .to  those  that  have  been  ascribed  to  it.  But  let  ns;Qot  be 
misunderstood.  It  is  neither  our  intention  to  assert,  nor  do  we  believe, 
that  insuperable  alternations  of  leyel  are  likely  to  be  encountered.  We 
simply  deprecate  the  hasty  adoption  of  a  view  so  unsubstantiated  by 
proof,  and  so  calculated,  if  erroneous,  to  interfere  with  the  accomplish- 
ment of  one  of  the  most  important  enterprises  of  the  day. 

It  should  be  borne  in  mind,  that  the  supposed  plateau  does 
not  comprise  a  limited  area,  but  one  extending  for  upwards  of  a 
thousand  miles  across  the  basin  of  the  Atlantic.  Now,  there  is  no 
parallel  case  to  this  in  any  portion  of  the  present  dry  land.  And, 
since  there  is  no  ground  for  the  belief  that  such  a  vast  area  could 
possibly  have  remained  unaffected  by  the  agencies  which  produce  modi- 
fications in  the  earth's  crust  elsewhere ;  it  is — to  say  the  least  of  it — 
extremely  improbable  that  so  signal  an  exception  should  occur  only 
along  that  portion  of  the  sea-bed  which  has  been  selected  as  the  site  of 
the  Telegraphic  Cable.  We  say  ordy,  because,  judging  from  soundings 
taken  elsewhere,  it  is  manifest  that  alternations  of  level  are  the  rule 
rather  than  the  exception,  and  that,  in  some  cases,  they  are  of  an 
important  kind. 

But  it  is  not  necessary  to  have  recourse  to  soundings,  in  order  to 
prove  the  accuracy  of  this  opinion.  The  islands  that  rise  so  abruptly 
in  many  portions  of  the  Atlantic,  if  reduced  somewhat  in  elevation, 
might  occur  over  and  over  again  within  the  intervals  at  which  the 
depths  have  been  recorded,  and  yet  be  completely  overlooked.  Their 
existence  is  known  simply  because  they  are  lofty  enough  to  appear 
above  water.  It  would  be  an  act  of  rashness,  therefore,  to  assume 
that  formations  similar  in  their  character,  but  of  smaller  size,  do  not 
occur  in  positions  where  they  still  remain  unrecognized. 

Of  what  then,  it  may  asked,  does  our  knowledge  regarding  the 
contour  and  composition  of  the  sea-bed  really  consist  ?  The  answer 
to  this  question  is  by  no  means  unsatisfactory.  Thus,  it  is  certain 
that  in  no  region  of  the  ocean  in  which  soundings  have  heretofore 
been  attempted  with  adequate  apparatus,  is  the  depth  so  inordinate  as 
to  be  beyond  reach.  It  is  equally  certain  that,  as  a  general  rule,  the 
depths  are  moderate — that  is  to  say,  rarely  exceeding  2,500  fathoms, 
or  a  trifle  under  three  miles ;  that,  for  the  most  part,  the  bottom  is 
composed  of  a  soft  but  tenacious  mud,  consisting  either  of  an  admixture 
of  organic  and  inorganic  debris,  or  of  one  of  these  constituents  more 
or  less  uncombined  with  the  other;  and  lastly,  and  pre-eminently 
perhaps,  that  deep-seated  currents,  if  they  prevail  at  aU,  are  exceed- 
ingly rare  and  too  feeble  to  produce  the  slightest  deleterious  effect 
upon  a  sabmerged  Telegraphic  Cable.  These,  we  venture  to  say,  are 
no  unsatisfactory  results  when  weighed  against  the  limited  and  imper- 
fect nature  of  the  opportunities  that  have  hitherto  been  afforded  for 
the  exploration  of  the  sea-bed ;  and  so  far  from  being  of  a  dishearten- 
ing tendency,  they  offer  conclusive  evidence  that  the  perfection  of  our 
knowledge  with  regard  to  the  conditions  prevailing  along  any  given 
tract  of  the  sea-bed,  falls  readily  within  our  powers,  and  is  merely  a 
question  of  time  and  perseverance. 
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It  woiild  OGcapy  too  much  space  were  we  to  enter  into  the  whole 
of  the  fsLctB  bearing  on  the  muddy  deposits,  with  whose  presence,  over 
a  considerable  area  of  the  sea-bed,  the  sonnding-machine  has  made 
us  acquainted.  But  there  is  one  poir.t  to  which  we  must  invite  atten- 
tion, inasmuch  as  its  importance  can  hardly  be  overestimated,  and  yet, 
strange  to  say,  it  has  heretofore  been  ahnost  entirely  overlooked. 

In  some  of  the  deeper  soundings,  both  on  the  North  and  Mid- 
Atlantic  routes,  fragments  of  rock  have  been  brought  up.  How  is 
the  occurrence  of  these  to  be  accounted  for,  and  what  does  it  betoken  ? 
The  question  is  an  intricate  one,  and  so  far  as  our  present  information 
goes,  does  not  seem  to  admit  of  a  perfectly  satisfeustory  solution. 
This  much  may  be  said,  however ;  that  their  presence  on  the  imme- 
diate surface  layer  of  the  sea-be^  is  only  reconcilable  with  one  or 
other  of  the  following  suppositions : — They  must  either  have  been 
recently  dropped  by  some  means  from  the  superincumbent  waters ; 
have  been  deposited  by  floating  ice  during  past  periods  of  the  earth's 
history;  must  occur  in  beds  which  were  once  exposed  above  the  sur&ce 
of  the  sea;  or  be  drifting  about  the  bottom  through  the  action  of 
currents. 

Now  in  no  case  hitherto  recorded  have  these  stones  been  of  large 
size  —  probably  not  larger  than  a  hazel  nut  —  but  they  present  un- 
doubted traces  of  attrition.  Fish,  as  is  well  known,  sometimes 
swallow  small  stones,  and,  as  a  matter  of  course,  get  rid  of  them 
in  time ;  but  this  would  not  meet  the  requirements  of  the  first  of  the 
above  suppositions,  inasmuch  as  it  is  obviously  improbable  that  so 
many  fish  with  stones  in  their  stomachs  should  be  moving  about  the 
ocean,  as  would  be  necessary  to  account  for  the  &ct ;  and  it  is  still 
more  improbable,  if  not  absolutely  impossible,  that  fish  could  have 
conveyed  such  substances  from  the  distant  shores,  where  they  are 
alone  obtainable.  So  that  viewing  this  circumstance  in  coi^unction 
with  the  &ct,  that  no  floating  ice  nowadays  traverses  the  areas  referred 
to,  it  is  quite  certain  that  the  matter  is  inexplicable  on  the  first  sup- 
position. 

If  deposited  from  floating  ice  during  past  periods  of  the  Earth's 
history  (according  to  the  second  supposition,  which  is  by  no  means 
impossible),  it  follows  as  an  inevitable  consequence  that  the  muddy 
deposits  are  local  in  character,  and  that  certain  areas  of  the  sea-bed 
consist  of  bare  rock ;  or  that  they  are  swept  away  by  currents  as  fast 
as  they  are  produced.  We  regard  the  first  of  these  two  views  as  most 
conformable  with  the  evidence  ;  for,  although  there  is  reason  to  believe 
that  deep-seated  currents  prevail  with  sufficient  force,  in  some  of  the 
shallower  tracts  of  the  Atlantic,  to  move  the  fine  particles  of  which 
these  deposits  are  for  the  most  part  composed,  there  is  no  ground 
whatever  for  supposing  that  they  are  ever  powerful  enough  to  sweep 
along  largo  objects,  such  as  the  stones  of  which  we  have  been  speak- 
ing. It  will  be  seen,  therefore,  that  we  are  folly  justified  in  laying 
stress  on  the  possibility  that  extensive  areas  of  exposed  rock  may 
occur  along  the  basin  of  the  Atlantic,  which  have  hitherto  escaped 
detection.  The  third  and  fourth  suppositions  are  thus  disposed  of 
likewise. 
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But  the  &cts  jnst  set  forth  inyolve  another  very  important  con- 
sideration, which,  as  supporters  of  no  particular  creed,  we  deem  it 
necessary  to  notice.  In  assuring  ourselves  of  the  absence  of  currents 
as  a  source  of  danger  in  Oceanic  Telegraphy,  we  no  doubt  gain  a 
material  point.  But  to  some  extent  the  gain  is  counterbalanced,  and 
in  this  wise.  Assuming  that  the  bed  of  the  present  ocean  has  been 
subject,  at  some  antecedent  period  of  the  world's  history,  to  the  denud- 
ing action  of  atmospheric  and  terrestrial  influences,  and  has  thus  been 
impressed  with  characters  similar  to  those  we  see  around  us  on  dry 
land  (and  that  it  has  been  so,  there  is  no  valid  reason  to  doubt), 
whatever  asperities  may  have  marked  its  surface  when  it  was  first  sub- 
merged, must  remain  stamped  upon  it  up  to  the  present  time.  The 
denuding  action  of  water  in  a  state  of  motion  is  very  great ;  but  that 
of  water  in  a  state  of  comparative  quiescence,  such  as  prevails  along 
the  sea-bed,  must  be  extremely  limited,  if  it  operates  at  all.  Atmo- 
spheric agencies  which  wear  away  the  rugged  features  of  one  district 
on  land  and  reproduce  them  on  another,  are  powerless  either  for  good 
or  for  evil  at  the  sea-bed.  And  hence  it  is  certain,  that  however  much 
the  muddy  deposits  may  be  constantly  contributing  towards  the  toning 
down  of  i^e  minor  inequalities,  they  can  exercise  very  little  effect  as 
regards  those  more  extensive  alternations  of  level,  the  absence  of  which 
along  the  sea  has  been  assumed,  solely  because  the  means  heretofore 
adopted  have  been  inadequate  for  their  detection. 

But  let  us  now  turn  to  the  living  tenants  of  these  deep  abysses. 
It  has  already  been  stated,  that  although  the  evidence  of  the  vitaHty  of 
the  minute  shell-covered  creatures,  obtained  in  the  course  of  the 
earlier  soundings,  was  altogether  inconclusive,  more  recent  observa- 
tions have  established  the  fact  that  the  conditions  prevailing  at  extreme 
depths  are  not  incompatible  with  the  maintenance  of  animal  life.  The 
observations  in  question  were  made  at  the  close  of  1860,  during  the 
survey  of  the  North  Atlantic  route  by  H.M.S.  '  Bulldog.'  Into  the 
details  of  these  it  would  be  out  of  place  to  enter  at  present ;  but  the 
proofs  they  involve,  may  be  stated  in  a  very  few  words. 

Thirteen  living  star-fishes,  differing  in  no  important  particular 
from  a  species  common  on  our  own  and  most  northern  coasts,  were 
brought  up  from  a  depth  of  1,260  fathoms — or  very  nearly  a  mile  and 
a  half — at  a  point  midway  between  the  Southern  extremity  of  Green- 
land and  Bockall,  and  250  miles  distant  from  the  nearest  land.  These 
star-fishes,  however,  cannot  be  said  to  have  been  captured  by  the 
sounding-machine,  for  they  came  up  adhering  by  their  spine-covered 
arms  to  the  last  50  feithoms  of  the  sounding  line,  not  as  voluntary 
exiles  from  below,  but  owing  to  their  having  coiled  themselves  around 
a  material  from  which  they  found  it  impossible  afterwards  to  disen- 
gage themselves.  Now,  apart  from  all  other  evidence,  the  facts  in 
connection  with  this  particular  sounding  were  suf^cient  to  indicate 
that  the  star-fishes  had  been  raised  from  the  sea-bed  itself,  and  had 
not  grasped  the  line  whilst  floating  in  some  stratum  of  water  inter- 
mediate between  it  and  the  surface.  But,  by  a  singular  piece  of  good 
fortune,  the  question  as  to  their  last  resting-place  admitted  of  de&iite 
determination  on  evidence  that  they  bore  cdong  with  them.     To  com- 
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prohend  the  Yalae  of  this,  it  is  necessary  to  mention  that  by  means 
of  a  separate  observation  taken  upon  the  same  spot,  the  bottom  was 
found  to  consist  almost  entirely  of  the  minute  shell-covered  organisms 
already  referred  to ;  and,  taking  into  consideration  the  fact  that  many 
of  the  shells  were  completely  filled  with  the  gelatinous  substance  of 
which  their  bodies  are  composed,  and  lastly,  the  £resh  appearance  of 
this  substance ;  the  probabiHty  is  very  great  that  they,  in  common  with 
the  star-fishes,  had  Hved  and  multiplied  at  the  bottom.  But  the  only 
circumstance  which  ought  to  be  accepted  as  direct  proof  of  their 
vitality,  namely,  motion  after  reaching  the  surface,  was  wanting ;  as 
indeed  it  well  might  be,  since  the  passage  through  the  vertical  mile 
and  a  half  of  water  occupied  nearly  an  hour,  and  the  change  of  con- 
ditions to  which  the  creatures  became  subjected,  during  that  period, 
must  necessarily  have  been  very  great.  Nevertheless  the  chain  of 
circumstantial  evidencewas  rendered  complete ;  for,  on  examining  the 
stomachs  of  the  star-fishes,  they  were  found  to  contain  the  minute 
sheUed  creatures  in  abundance ;  tibus  clearly  establishing  the  fact  of  the 
star-fishes  having  attached  themselves  to  the  sounding-line  whilst  it 
rested  on  the  bottom,  and  adding  the  strongest  confirmation  to  the 
view  that  the  minute  creatures  referred  to  were  brought  up  from  their 
natural  habitation. 

But  it  was  not  to  be  expected  that  a  fact  so  subversive  of  all  pre- 
conceived notions  regarding  the  conditions  essential  to  the  presence 
of  animal  life  on  the  ocean  would  be  received  without  the  usual 
amount  of  salutary  scepticism.  And  hence,  on  its  being  boldly  an- 
nounced not  only  that  highly  organized  animals  had  been  brought  up 
from  so  vast  a  depth,  but  that  they  actually  arrived  at  the  surface  in  a 
living  state,  scientific  men  shrugged  their  shoulders,  and  demanded 
the  production  of  the  most  complete  proofs.  These  proofs  we  submit 
have  been  produced ;  and  they  serve  to  show  that  instead  of  organic 
life  being  carried  on  in  defiance  of  the  conditions  so  erroneously  held 
to  be  incompatible  with  it,  the  presence  of  some  of  these  conditions  is 
indispensable  to  its  continuance.  In  order,  however,  to  render  in- 
telligible the  doubts  that  were  expressed  on  the  subject,  and  the  precise 
bearing  of  the  evidence  brought  forward  with  a  view  to  dispel  them, 
it  is  necessary  to  draw  attention  to  the  conditions  on  which  the 
determination  of  the  question  depends. 

According  to  the  generally  accepted  opinion  regarding  the  Geo- 
graphical distribution  and  vertical  limits  of  marine  animal  life,  the 
presence  of  one  set  of  conditions  is  essential,  that  of  another  incom- 
patible with  it.  Thus  we  are  told  that  a  certain  amount  of  aeration  of 
the  water,  especially  with  reference  to  the  quantity  of  oxygen  gas  con- 
tained in  a  given  volume,  and  the  previous  existence  of  vegetable  life 
in  some  shape  or  other,  are  indispensable  to  the  maintenance  of 
animal  life ;  whereas  the  increase  of  pressure  beyond  a  certain  degree, 
and  the  total  absence  of  light,  determine  the  limit  in  depth  beneath 
which,  it  was  contended,  no  living  being  could  exist. 

Now,  although  in  the  present  state  of  our  knowledge,  it  is  difficult 
to  conceive  that  any  animal,  no  matter  how  low  in  the  scale,  can  live 
in  de&ult  of  a  supply  of  oxygen,  we  are  by  no  means  called  upon  to 


42  Original  Articles.  [Jan. 

believe  that  this  gas  is  in  reality  absent  in  sea-water  at  great  depths.* 
From  observations  conducted  many  years  ago  by  an  eminent  fVench 
experimentalist,  M.  Biot,  it  would  appear  that  the  swimming  bladder 
of  fishes  contains  a  larger  quantity  of  nitrogen  than  oxygen  when  they 
happen  to  have  been  captured  near  the  surface  ;  and  a  larger  quantity 
of  oxygen  than  nitrogen  when  brought  up  from  a  depth  of  a  few  hun- 
dred fjEithoms.  The  researches  of  other  observers  would  also  tend  to 
confirm  the  view  that  the  quantity  of  oxygen  held  in  solution  by  sea- 
water  increases  rather  than  diminishes  with  the  depth  ;  and  on 
theoretical  grounds,  moreover,  there  is  reason  to  believe  that  the 
presence  of  oxygen  is  inseparable  from  the  pressure  which  prevails  at 
great  depths. 

In  llie  case  of  creatures  belonging  to  the  higher  order,  as,  for 
example,  fish,  the  conditions  that  have  been  laid  down  are  no 
doubt  indispensable.  They  cannot  support  life  beyond  a  compara- 
tively moderate  depth ;  and,  as  a  general  rule,  it  may  be  taken  for 
granted  that  no  living  organism,  demanding  a  supply  of  free  air  for  its 
sustenance,  or  whose  structure  is  of  such  a  kind  as  to  be  inordinately 
affected  by  an  increase  of  the  pressure  to  which  it  is  subject  in  shal- 
lower water,  could,  by  any  possibility,  survive  a  single  instant  after 
descending  lower  than  a  few  hundred  fathoms.  But  there  is  a  large 
class  of  creatures,  inhabiting  the  ocean  at  ordinary  depths,  whose 
structure  is  so  universally  permeable  by  fluids  that,  assuming  other 
conditions  to  be  favourable  and  the  transitions  from  a  low  to  a  high 
degree  of  pressure  to  be  sufficiently  gradual,  it  is  immaterial  whether 
the  medium  around  them  be  pressed  upon  by  one  or  by  one  hundred 
atmospheres.  In  the  case  of  these  creatures,  as  in  that  of  a  human 
being  living  under  ordinary  atmospheric  pressure,  it  is  only  essential 
that  the  force  should  operate  uniformly  both  within  and  without  the 
body.  Hence,  in  so  far  as  mere  pressure  is  concerned,  there  is  no 
reason  why  creatures  of  the  class  referred  to  (and  star-fishes  are 
amongst  the  number)  should  not  be  able  to  exist  at  all  depths. 

With  regard  to  the  previous  manifestation  of  vegetable  life  which 
is  said  to  constitute  a  condition  essential  to  the  existence  of  animals, 
both  terrestrial  and  marine,  it  is  only  desirable  to  point  out  that,  were 
this  really  a  law  of  nature,  it  would  at  once  negative  the  assumption 
that  animal  life  can  be  maintained  at  extreme  depths ;  for,  if  v^etable 
products  are  indispensable  for  the  nutrition  of  the  animal,  and  no 
vegetable  structures  are  capable  of  living  in  default  of  a  certain 
amount  of  light,  inasmuch  as  no  light  can  possibly  penetrate  to  the 
profounder  abysses  of  the  ocean,  ammal  existence  must  of  course  be 
rendered  impossible. 

But  whilst  recent  explorations  of  the  sea-bed  have  indubitably  indi- 
cated that  animals  can  live  at  those  vast  depths,  they  would  also  seem 
to  show  that  vegetable  life,  in  any  form  at  least  in  which  we  have 
heretofore  detected  it,  is  not  co-existent ;  for  whensoever  vegetable 
structures  have  been  found  amongst  the  organic  or  inorganic  matter  of 

*  M.  Pasteur,  the  French  chemist,  in  his  recent  experiments  on  Ferments,  has 
sought  to  show  that  some  of  the  so-called  Infusoria  are  able  to  exist  without 
oxygen- 
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the  deposits,  the  peculiar  condition  of  their  soft  parts  has  invariably 
been  such  as  to  indicate  their  having  liv.ed  in  shallower  zones,  and 
onlj  descended  to  the  bottom  on  life  becoming  extinct.  It  is  mani- 
fest, therefore,  that  the  law  referred  to,  howeyer  stringently  it  may 
apply  to  terrestrial  life,  admits  of  exceptions  in  the  case  of  marine 
forms.  How  these  exceptions  are  provided  against  remains  yet  to  be 
ascertained. 

But,  it  may  be  asked,  what  are  these  mysterious  little  atoms  of 
which  so  much  has  been  said,  and  which  play  so  important  a  part,  not 
only  in  the  composition  of  the  present  sea-bed,  but  of  vast  tracts  of 
existing  dry  land.  For  the  benefit  of  those  who  have  not  directed  their 
attention  to  the  subject,  we  append  the  following  brief  particulars  and 
the  accompanying  Ulustrations. 

The  animal,  as  already  stated,  is  one  of  the  lowest  in  the  scale  of 
creation.  It  consists  of  a  minute  particle  of  viscid  matter,  not  unlike 
the  fluid  but  yet  granular  portions  of  honey  both  as  to  consistence 
and  colour,  and  like  honey  devoid  of  organization.  Nevertheless  it 
possesses  vital  contractility,  and  the  power  of  altering  its  shape  to  any 
extent.  The  little  mass  is  not  naked,  however,  but  in  virtue  of  another 
vital  faculty  inherent  in  it,  is  able  to  extract  calcareous  matter  from 
the  water  in  which  it  lives,  and  re-secrete  it  in  the  form  of  the  ex- 
quisite shells  known  to  naturalists  xmder  the  name  of  Foraminifera,  In 
the  deep-sea  species  to  which  we  are  particularly  referring,  the  shells 
consist  generally  of  a  number  of  chambers  ranged  in  more  or  less  sym- 
metrical order,  and  each  commtmicating  with  the  rest  and  with  the 
outer  world  by  one  large  aperture,  and  a  number  of  minute  pores 
studded  over  ihe  entire  surface.  Through  these,  the  little  animal  is 
continually  projecting,  and  as  continually  i^etracting,  delicate  thread- 
like feelers,  composed  of  tho  same  substance  as  the  rest  of  the  body. 
By  means  of  these  feelers  it  performs  the  movements  of  which  it  is 
capable,  and,  in  all  probability,  is  enabled  to  provide  itself  with  food. 
Hence  it  will  be  understood  why  it  was  stated,  in  a  fonner  portion  of 
these  observations,  that  in  the  absence  of  these  movements  it  becomes 
almost  impossible  to  determine  whether  the  object  before  us  is  alive 
or  dead. 

But  although  this  wondeifal  little  creature  demands  special  notice, 
owing  to  the  share  it  takes  in  the  composition  of  the  deep-sea  deposits, 
nimiberless  other  forms  are  to  be  met  with,  equally  simple  in  their 
nature,  but  still  more  beautiful  in  their  structure.  And  this  leads  us, 
in  the  last  place,  to  inquire  whether  or  not  there  is  reason  to  apprehend 
danger  from  their  attacks  upon  a  submerged  Telegraphic  Cable. 

On  this  point  we  can  speak  with  confidence.  If  there  be  any  source 
through  which  the  abrasion  of  a  cable,  either  by  contact  with  other  sub- 
stances, or  the  attacks  of  creatures  able  to  bore  into  its  coverings 
and  thus  destroy  or  impair  its  insulation,  may  be  obviated,  it  is  through 
the  gradual  incrustation  that  these  humble  shell-builders  are  sure  to 
form  around  it.  Accordingly  it  becomes  of  the  utmost  importance  to 
select,  as  far  as  is  practicable,  those  areas  of  the  sea-bed  which  are 
covered  by  the  foraminiferous  deposits,  and  to  avoid  those  which  are 
bare.  Minute  Annelids  unquestionably  exist  even  at  the  greatest  depths, 
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and  amongst  these  there  are  some  capable  of  doing  mischief.  That 
they  can  penetrate  gntta-peiysha  solely  by  means  of  the  boring  organs 
witii  which  they  are  provided,  we  altogeUier  disbelieve.  But,  in  most 
cases,  there  is  gromid  for  suspecting  that  their  penetrative  powers  are 
materially  aided  by  secretions  capable  of  acting  chemically  on  the  sub- 
stances attacked.  Of  the  nature  of  the  secretion,  or  its  possible  effect  on 
caoutchouc  or  gutta-percha,  we  know  nothing.  But  this  is  no  reason  for 
repudiating  the  possibility  of  an  event,  which  if  brought  about  only  once, 
in  the  2,000  miles  of  cable,  would  prove  fatal  to  its  working  integrity. 
It  only  remains  to  be  added,  that  we  are  no  alarmists.  We  would 
neither  conjure  up,  magnify,  nor  ignore  danger.  What  we  desire  and 
believe  to  be  indispensable,  if  telegraphic  communication  across  the 
Atlantic  is  to  be  viewed  in  any  other  light  than  as  a  source  of  national 
chagrin,  is  that  measures  should  be  forthwith  adopted  to  add  to  the 
scanty  information  we  already  possess  regarding  ike  sea-bed ;  under 
the  firm  conviction  that  whatever  dif&culties  may  present  themselves, 
they  require  only  to  be  understood  to  ensure  their  being  surmounted. 


IL    Thb  Atlantio  Cable  and  its  Teachings. 

By  William  Cbookes,  P.B.S. 

Thbbb  is  scarcely  a  question  of  more  importance  at  the  present  day, 
than  that  of  telegraphic  communication  with  India.  When  these  pages 
are  before  the  public  the  line  which  is  to  connect  the  two  hemispheres 
will  be  en  route  to  its  destination ;  and  judging  by  the  vast  experience 
accumulated  during  the  construction  and  laying  of  the  old  Atlantic 
line,  and  the  invaluable  evidence  which  on  its  demise  was  elicited  at 
the  inquest,  there  is  every  reasonable  hope  that  the  new  enterprise  will 
be  successfuL 

A  great  amount  of  misconception  prevails  respecting  the  now 
defimct  Atlantic  cable,  and  pending  the  successful  termination  of  the 
undertaking  now  in  progress,  we  propose  to  disinter  from  the  pon- 
derous ofi&cial  documents  some  portions  of  its  history  which  are  not 
generally  known,  and,  with  the  aid  of  other  material  now  before  us,  to 
examine  what  is  the  reasonable  prospect  of  success  or  failure  in  otiier 
similar  undertakings. 

The  problem  to  be  solved  is  comprised  in  a  very  small  compass. 
There  is  not  much  difficulty  in  making  a  cable  perfect  as  to  its 
electrical  conditions,  and  should  any  flaw  or  fSaulty  part  happen  to 
pass  the  first  scrutiny,  skilled  electricians  can  at  once  detect  it.  The 
great  difficulty  which  now  weighs  like  an  incubus  upon  every  large 
undertaking  of  this  kind,  is  to  submerge  the  rope  without  injury. 
There  is  now  an  absolute  certainty  of  making  a  cable  of  any  length 
perfect,  but  we  destroy  it  in  attempting  to  get  it  to  the  bottom  of  the 
sea.  If  the  insulated  wire,  in  as  good  a  state  as  when  it  leaves  the 
contractor's  works,  could  but  be  transferred  uninjured  to  the  ocean's 
bed,  it  would  lie  there  as  quietly  as  if  it  were  at  the  bottom  of  a  well, 
and  would  last  for  hundreds  of  years. 
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Unfortunately,  the  first-laid  submarine  cables  were  attended  with 
complete  success ;  these  precedents  were  used  as  arguments  against 
any  further  investigation,  and  hence  the  hasty  enterprise  of  the  Atlan- 
tic cable,  inyolving  an  expenditure  of  three-quarters  of  a  million,  was 
rushed  into  in  the  most  reckless  manner,  and  with  so  utter  a  dis- 
regard of  precautions,  as  to  seem  from  the  first  actually  to  invite 
£Ekilure. 

The  perfection  of  a  cable  depends  upon  the  perfection  of  each 
indiyiduai  inch  of  it ;  in  this  respect  it  is  similar  to  a  chain,  which  is 
valueless  if  a  single  link  be  faulty.  The  insulating  covering  of  the 
conductor  is  composed  of  substances  so  delicate  in  texture,  and  laid  on 
in  such  a  manner  as  to  render  it  extremely  difficult  to  avoid  fauUs. 
These  are  generally  noticed  as  soon  as  they  appear,  and  by  taking  the 
precaution  to  test  the  cable  in  definite  lengths  under  water,  they  can 
be  readily  detected  at  any  time,  and  their  position  ascertained.  What 
is  generally  known  as  a  fauUy  is  a  communication  between  the 
conducting  wire  and  the  water;  this  may  be  either  very  slight,  in 
which  case,  the  insulation  is  more  or  less  injured,  or  it  may  be 
sufficient  for  the  whole  of  the  electricity  to  leak  through.  A  small 
£ftult,  which  would  not  be  of  serious  consequence  in  a  short  line, 
cannot  be  tolerated  when  the  cable  is  of  considerable  length,  as  the 
powerfdl  currents  necessary  to  force  a  signal  through,  find  out  all  the 
weak  points,  and  eat  them  into  fatal  holes.  There  is  another  reason 
why  &ults  or  even  weak  places  must  not  be  admitted  in  submarine 
lines ;  it  is  that  they  are  so  liable  to  injury  through  lightning.  In 
the  Channel  Islands'  telegraph,  the  lightning  struck  the  cable  in 
Jersey,  and  passing  under  the  sea  along  the  wire  for  sixteen  miles  in 
the  direction  of  Guernsey,  met  with  a  weak  place,  where  it  burnt  itself 
through  into  the  water,  destroying  the  insulation. 

The  material  of  the  outer  covering  of  the  cable,  and  the  manner 
in  which  it  is  laid  on,  are  matters  of  great  importance.  There  must 
be  no  strain  on  the  core,  and  the  finished  cable  must  have  as  little 
elasticity  as  possible.  Many  cables  have  been  injured  from  a  n^ect 
of  this  precaution :  an  elastic  rope  wiU  stretch  four  or  five  per 
cent,  during  deposition,  and  will  contract  when  the  tension  is 
removed  and  the  temperature  is  lowered  by  the  surrounding  water. 
The  copper  wire  is  however  permanently  stretched,  and  where  the 
gutta-percha  contracts  over  it,  the  wire  occasionally  knuckles  through 
and  produces  a  serious  leakage.  The  outer  coat  of  mail  is  almost 
invariably  of  a  spiral  form,  which  perhaps  is  the  only  kind  that 
could  be  adopted,  having  regard  to  the  frequent  ceilings  and  uncoil- 
ings  which  the  rope  has  to  go  through,  but  such  a  form  is  very  liable 
to  kink  whenever  the  rope  is  not  kept  in  a  state  of  tension. 

The  copper  of  which  the  conducting  wire  is  now  invariably  made, 
should  be  selected  with  the  greatest  care.  When  pure  it  is  one  of 
the  beBt  solid  conductors  known ;  but  very  sUght  impurities,  such  as 
are  almost  always  met  with  in  the  commercial  metal,  are  sufficient  to 
greatly  diminish  its  value.  Taking  the  conducting  power  of  pure 
copper  as  100,  Dr.  Matthiessen  found  that  of  samples  of  American, 
Australian,  Bussian,  and  Spanish  copper  to  be  respectively  92,  88, 
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59,  and  14.     Since  these  results  have  been  made  known,  the  wire  is 
always  contracted  for  of  a  certain  specified  conducting  value  per  mile. 

Much  has  been  said  about  the  deterioration  of  gutta-percha  when 
exposed  to  the  air,  and  the  great  difficulty  of  avoiding  flaws  in  laying 
it  on  the  wire  ;  these  evils  are  however  greatly  magnified.  The  rot- 
ting will  not  proceed  under  water,  and  even  in  air  it  may  be  prevented 
by  a  coat  of  Stockholm  tar,  whilst  the  small  and  unavoidable  flaws  are 
perfectly  guarded  against  by  applying  several  successive  coatings  to 
the  wire.  Other  complaints  brought  against  gutta-percha,  are  that 
it  does  not  insulate  very  perfectly  when  warm,  and  also  that  it 
is  liable  to  sofben  These  are  reasons  against  unnecessary  exposure 
of  the  cable  to  heat  before  its  submergence,  but  are  of  no  consequence 
when  once  it  is  laid.  At  the  bottom  of  the  ocean  everything  is  in 
favour  of  its  permanence.  The  surrounding  sheath  of  tar  tightly  held 
in  iron  wires,  the  low  temperature  of  the  water,  the  preservative  pro- 
perties of  the  sea,  the  absence  of  light  and  air,  and  the  enormous 
pressure  to  which  it  is  subjected,  are  all  elements  tending  to  improve 
the  lasting  and  insulating  properties  of  gutta-percha. 

Many  of  the  most  important  facts  above  referred  to  have  been 
ascertained  since  the  Atlantic  cable  was  manufactured,  but  they 
ought  to  have  preceded  instead  of  succeeded  so  important  an  under- 
taking. This  could  have  been  done  easily  by  an  expenditure, 
trifling  when  compared  with  the  amount  at  stake,  and  it  would  have 
supplied  the  Company  with  knowledge  which  has  been  purchased  at 
three  quarters  of  a  million  sterling.  There  was  far  too  much  haste  in 
the  preliminary  steles  of  the  undertaking.  It  was  looked  upon 
merely  as  a  commercial  speculation,  and  in  order  to  raise  the  requisite 
funds,  promises  to  the  shareholders  were  most  rashly  made.  Whilst 
the  Company  was  only  formed  in  1856,  the  line  was  undertaken  to  be 
laid  in  1857,  and  in  order  to  keep  faith  with  the  public,  the  prelimi- 
nary experiments  and  investigations,  which  ought  to  have  occupied 
the  highest  available  talent  for  some  years,  were  hurried  over  in  the 
most  reckless  manner,  or  were  leffc  to  be  completed  by  chance.  In- 
deed, the  most  important  piece  of  machinery  in  the  whole  affair,  that 
for  paying  out  the  cable, — ^an  apparatus  which  would  have  to  run  as 
smoothly  as  a  cotton  mill  for  every  minute  of  the  time  occupied  in 
that  operation,  the  slightest  hitch  or  irregularity  snapping  the  cable, 
— was  literally  being  put  together  for  the  first  time  as  the  ship  was 
sailing  to  its  destination,  and  was  entrusted,  untried,  with  its  precious 
charge.  The  result  may  be  anticipated.  A  stoppage  in  the  machinery 
occurred,  and  335  miles  of  cable  were  sacrificed  at  the  shrine  of 
official  incompetence. 

Another  great  mistake  was  to  have  such  a  rope  made  of  any  but 
the  very  strongest  materials.  It  was  intended  at  first  that  the  outer 
covering  should  be  of  steel  wire,  but  this  could  not  be  adopted  owing  to 
the  unfortunate  promise  made  by  the  directors  that  it  should  be  laid  in 
1857.  Had  another  year  been  permitted  to  elapse,  and,  instead  of 
iron  coating,  had  steel  been  employed,  there  is  every  probability  that 
the  cable  would  have  been  at  work  at  the  present  day.  Instead  of 
a  breaking  strain  of  three  tons  it  would  have  borne  uninjured  a  pull 
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of  twenty  |K>n8,  enongli,  if  requieite,  to  have  anchored  the  'Aga- 
memnon/ in  the  middle  of  the  Atlantic,  and  to  have  endured  withont 
damage  any  imaginable  vagaries  of  the  paying-out  machinery.  The 
objections  that  steel  cables  do  not  coil  as  well  as  iron,  and  seem  "  all 
alive  "  from  their  springiness,  are  not  of  much  weight,  as  the  enormous 
surplus  strength  would  enable  them  to  bear  a  considerable  amount  of 
hard  usage  in  stowing  them  away. 

In  paying  out  a  cable  much  depends  upon  its  being  properly  coiled. 
This  was  certainly  well  done  in  the  Atlantic  line,  and  it  is  doubtless 
to  this  fact  that  the  last  successful  laying  is  to  be  attributed. 
During  the  whole  process  of  paying  out  a  kink  never  once  occurred ; 
in  fact  it  uncoiled  itself,  for  the  men  who  were  stationed  in  the  hold 
to  undo  the  lashings  and  be  ready  in  case  of  accident  scarcely  were 
required  to  touch  it  once. 

Few  people  can  imagine  the  great  mechanical  difficulties  to  be 
overcome  in  laying  a  long  cable.  Owing  to  the  difficulty  of  making 
the  joinings  properly  at  sea  the  rope  cannot  be  carried  out  in  more 
than  two  portions,  and  there  are  very  few  ships  capable  of  conveying 
the  required  load  in  the  necessary  manner.  An  electric  cable  is  a 
difficult  thing  to  coil,  indeed  no  one,  who  inspects  it  in  short  lengths, 
would  believe  it  capable  of  being  coiled  at  all ;  the  cable  must  there- 
fore be  laid  in  the  hold,  in  as  large  a  circle  as  possible,  and  the  space 
occupied  must  be  perfectly  clear  from  cross-beams,  or  perpendicular 
supports  for  the  deck.  The  cable  must  be  placed  so  as  to  load  the 
vessel  evenly,  and  must  be  so  paid  out  that  ^e  shall  preserve  an  even 
keel,  otherwise  water  ballast  must  be  admitted  to  keep  the  vessel  in 
trim.  Moreover,  with  a  long  cable,  the  vessel  employed  shoxdd  be 
a  steamer  of  sufficient  dimensions  not  oxdy  to  contain  it,  but  coals  as 
well  for  the  entire  voyage,  for,  if  stowed  in  a  sailing  vessel  and  towed 
by  a  steamer,  the  ship  becomes  in  a  heavy  sea  unmanageable,  and  in 
case  of  a  hitch  occurring,  it  is  almost  impossible  to  check  her  progress 
in  time  to  prevent  accident.  A  cable  long  enough  to  span  the 
Atlantic  will  weigh  at  least  6,000  tons,  and  when  coals  must  be  carried, 
and  in  addition  a  clear  space  provided  sufficient  to  enable  this  enormous 
length  of  cable  to  be  coiled,  it  is  evident  that  no  existing  vessel, 
except  the  *  Great  Eastern,'  would  be  equal  to  the  requirements  of  the 
case.  The  hands  employed  in  liberating  the  cable  coiled  in  the  hold 
have  a  difficult  task  to  perform  even  when  the  sea  is  calm  and  every- 
thing goes  on  smoothly.  When  at  fall  speed  the  coils  have  to  be 
oarefdlly  liberated,  layer  by  layer,  from  the  lashings  and  packings  of 
wood,  so  as  to  set  fr^  only  so  much  of  the  cable  as  is  required,  so 
as  to  avoid  the  possibility  of  its  escaping  from  the  guides  on  receiving 
any  check.  The  break  is  a  part  of  the  apparatus  which  requires  the 
most  delicate  handling ;  the  strain  which  it  puts  on  must  be  sufficient 
to  prevent  the  cable  from  running  out  with  too  great  a  velocity  in  pro- 
portion to  the  speed  of  the  vessel,  whilst  it  must  be  sensitive  to  every 
pitch  and  roll,  in  order  to  prevent  the  cable  from  being  snapped  by  a 
sudden  strain.  Many  self-acting  breaks  have  been  proposed,  but  in 
practice  nothing  has  been  found  so  effectual  for  the  regulation  of  the 
strain  as  constant  personal  superintendence.    The  speed  at  which  the 
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paying-ont  vessel  travels  should  be  as  miifonn  as  possible  thronghont 
the  whole  voyage,  and  as  provision  must  be  made  for  contrary  winds  and 
rough  weather,  a  large  amount  of  surplus  power  is  indispensable.  In 
fskir  weather  it  is  not  difficult  to  attend  to  all  these  precautions, 
nothing  but  proper  care  and  attention  being  necessary;  but  in 
stormy  weather,  when  the  vessel  is  tossing  to  such  an  extent  that 
the  men  can  scarcely  stand  while  unlashing  and  freeing  the  cable, 
when  the  pitching  of  the  ship  throws  sudden  and  violent  strains  upon 
the  break,  and  when  the  breaksman  himself  can  scarcely  keep  his  feet 
and  can  see  nothing  in  the  darkness,  the  difficulty  of  managing  the 
apparatus  properly  is  of  no  ordinary  kind. 

An'  indicator  is  attached  to  the  break,  which  is  supposed  to  show 
the  strain  upon  it,  but,  owing  to  its  inertia,  such  an  instrument  is  of 
very  little  Tulue  for  obviating  sudden  jerks.  For  instance,  on  the 
occasion  of  the  first  snapping  of  the  Atlantic  cable,  the  indicator 
showed  a  strain  of  only  35  cwt.,  although  the  cable  was  supposed  to  be 
able  to  resist  a  strain  of  60  cwt. 

During  the  paying  out  of  the  Atlantic  Cable  great  doubts  were  en- 
tertained of  its  permanent  success,  owing  to  the  serious  faults  which 
soon  became  apparent.  The  '  Niagara '  and  '  Agamemnon '  having  met 
and  joined  their  respective  halves  of  the  cable  in  the  middle  of  the 
Atlantic,  started  thence  and  proceeded,  one  to  Newfoundland,  the  other 
to  Valencia  Bay,  in  Ireland,  electrical  signals  being  constantly  passed 
from  one  ship  to  the  other.  At  one  point,  when  nearly  400  miles  had 
been  paid  from  each  ship,  the  electrical  signals  became  very  weak,  and 
the  tests  applied  by  the  electrician  on  board  the  '  Agamemnon,'  showed 
that  there  was  defective  insulation  at  a  very  remote  part  of  the  cable. 
The  fault  then  seemed  to  get  better,  and  in  about  an  hour  the  cable 
tested  as  usual.  Three  days  afterwards,  when  about  560  nules  had 
been  paid  out  from  each  vessel,  considerable  irregularities  were  ob- 
served, the  signals  becoming  weaker,  untQ  it  was  reported  from  the 
electrical  cabin  that  they  had  ceased  altogether.  -  They  shortly  after- 
wards returned,  and  gradually  improved  for  some  hours,  when  they 
became  as  strong  as  ever.  In  &ct,  on  the  evening  of  this  day 
(August  2),  the  signals  from  the  *  Niagara '  were  reported  to  be  stronger 
than  they  had  been  previously.  Other  irregularities  in  transmission 
were  afterwards  observed,  but  the  general  working  of  the  cable  seemed 
good,  and  on  referring  to  the  memoranda  taken  by  the  electricians  at 
the  time,  we  find  the  signals  spoken  of  as  ''  good  "  in  the  morning  of 
the  drd  of  August,  "  first  rate  "  about  the  middle  of  the  day,  and 
**  perfect "  in  the  evening.  The  next  day  we  have  reports  of  constant 
signals  from  one  ship  to  the  other,  and  the  memorandum  "  all  right," 
is  repeated  several  times.  On  the  5th  of  August,  at  2.10  a.m.,  the 
'  Niagara '  signalled  that  she  had  paid  out  1,000  miles  of  cable,  and  at 
8.50  A.M.,  the  *  Agamemnon'  had  paid  out  the  same  quantity.  At  that 
time,  intelligible  signals  were  passing  through  the  2,000  miles  of 
cable,  from  one  end  to  the  other,  and  in  a  few  hours  each  ship  was 
safely  at  anchor. 

Thus,  then,  the  possibility  of  connecting  the  two  continents  by  an 
electric  cable  was  proved,  and  considering  the  unjustifiable  haste  and 
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disregard  of  necessftry  precautionfl,  more  than  this  could  not  be  expected. 
Indeed,  it  was  scarcely  anticipated  during  the  paying  out,  that  any  result 
whatcTer  wonld  be  gained.  The  many  ceilings  and  nncoilings  which 
the  rope  had  undergone,  had  undoubtedly  caused  injury.  The  leakage 
at  Keyham  was  very  great,  and  many  bad  places  were  cut  out ;  but  as 
the  cable  was  not  once  tested  under  water  before  its  actual  submergence, 
some  imperfections  necessarily  escaped  detection. 

It  soon  became  evident  that  very  serious  faults  existed  in  the  cable ; 
its  capability  of  conveying  signals  varied  greatly,  going  and  coming  at 
imcertain  intervals,  and  sometimes  stopping  altogeti^er;  and  when 
to  this  was  superadded  the  tedious  nature  of  the  signalling,  owing  to 
induction,  it  is  somewhat  surprising  that  any  intelligible  messages 
passed  through  its  whole  length.  Indeed,  had  it  not  been  for  Professor 
Thompson,  who  without  fee  or  reward  threw  himself  heart  and  soul 
into  the  affidr,  the  cable  most  probably  would  not  have  spoken  at  aU. 

Even  when  the  wire  worked  well,  the  sluggishness  of  the  current 
was  a  serious  obstacle  to  the  reading  of  the  signals.  If  the  2,000 
mile  wire  had  been  suspended  in  air,  the  signals  from  one  end  to  the 
other  would  have  been  practically  instantaneous  ;  but  surrounded  as  it 
was  with  iron  and  water,  great  retardation  took  place  from  induction, 
three  or  more  seconds  being  required  for  the  electric  wave  to  pass  along 
the  whole  distance.  If  tibe  discharge  at  the  one  end  were  effected 
as  rapidly  and  sharply  as  the  charge  at  the  other  end,  the  time  occupied 
in  the  transmission  would  be  of  no  consequence,  but  unfortunately  the 
discharge  is  always  slower  than  the  charge,  and  consequently  a  series 
of  sharp  crisp  dots  signalled  into  the  wire  at  Valencia,  would  be 
smeared  into  a  continuous  lino  when  they  came  out  at  Newfoundland. 
On  this  account,  words  could  only  be  transmitted  very  slowly,  the 
highest  speed  actually  attained  being  41  words  in  15  minutes. 
At  one  time,  indeed,  two  clerks  conversed  at  the  rate  of  4  words  a 
minute,  but  most  of  these  words  were  abbreviated  or  guessed  at  before 
half  spelt,  so  that  for  ordinary  messages,  the  highest  attainable  speed 
may  be  put  down  at  2^  words  a  minute. 

On  the  10th  of  August,  the  first  words  were  sent  from  America  to 
Ireland,  but  although  the  whole  day  was  occupied  in  such  messages 
as  '*Eepeat,  please,"  *' Please  send  slower  for  the  present,"  ''How 
do  you  receive?"  "Please  say  if  you  can  read  this,"  "How  are 
signals?"  "  Please  send  something ; "  and  the  second  day  was  occupied 
in  similar  messages  and  requests  to  ^'  Send  alphabet,"  and  "  Send  Y 
slowly,"  Valencia,  like  a  coy  maiden,  refused  to  respond  to  these 
entreaties.  On  the  third  day,  Valencia  showed  signs  of  thawing,  and 
condescended  to  obey  the  request  contained  in  the  following  message 
sent  from  America : — "  If  this  received,  send  battery  current  in  one 
direction  five  minutes."  The  next  day  when  America  signalled — 
"  Send  word  Atlantic,"  Valencia  was  able  to  reply,  "  Atlantic  : "  (this 
was  the  first  word  read  in  America.)  We  then  find  several  words 
from  Valencia  in  answer  to  American  entreaties,  but  during  the  whole 
of  this  day,  America  was  signalling  to  Valencia  such  messages  as 
these : — "We  receive  cxurents,  but  can't  read  you,"  " Can't  read."  "  You 
must  send  slower,  as  some  of  your  dots  do  not  idiow  on  most  delicate 
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detectois,"  *^  We  get  your  onirents,  bat  bo  inegnlarly,  that  we  cannot 
read  them  ;  will  yon  examine  yonr  key  well  ?  "  On  the  fifth  day, 
Valencia  thawed  a  little  more,  and  actually  asked  America  to  "  Send 
faster ; "  bat  althoagh  several  long  messages  were  sent  on  that  day 
from  America,  only  isolated  words  were'receiyed  in  reply.  On  the 
seventh  day,  Valencia  and  America  seem  to  have  arrived  at  a  better 
understanding  with  each  other,  and  Valencia  asked, ''  Can  yon  take  a 
message?"  with  the  warning,  ''Ton  must  repeat  each  sentence  in 
fidl."  Upon  receiving  an  affirmative  reply,  VfJencia  telegraphed : — 
'<  Directors  of  Atlantic  Telegraph  Company,  Great  Britain,  to  Directors 
in  America :  Eorope  and  America  are  onited  by  telegraph.  '  Oloiy  to 
God  in  the  highest ;  on  earth  peace,  good-will  towards  men.'  Bepeat 
back  &8ter.  Queen's  next."  After  America  had  telegraphed  back 
the  above  message,  the  Queen's  message  was  sent.  This  consisted 
of  ninety-nine  words,  and  occupied  altogether  sixteen  hours  in  its 
transmission ;  many  parts  were  repeated  over  and  over  again,  and  the 
whole  message  was  signalled  back  to  ensure  accuracy.  After  this, 
owing  to  the  greater  delicacy  in  the  reading  instruments,  and 
especially  to  Professor  Thompson's  beautiful  reflecting  galvano- 
meter, several  long  messages  were  sent  backwards  and  forwards; 
America,  however,  always  doing  the  greater  part  of  the  talking.  On 
the  tenth  day,  very  good  signals  came,  and  Valencia  asked  for  the 
messages  to  be  sent  faster.  The  telegram  respecting  the  collision 
between  the  *  Arabia '  and '  Europe,'  was  sent  on  that  day  from  America, 
and  it  was  followed  by  the  President's  message  to  the  Queen. 

Professor  Thompson  was  at  this  time  constantly  engaged  upon  ex- 
periments, and  the  result  of  these  was  that  the  cable  spoke  much  more 
intelligibly,  complimentary  messages  being  sent  between  the  directors 
and  many  public  men,  and  several  long  directions  on  the  details  of 
working  the  instruments.  From  this  time  the  cable  seemed  to  im- 
prove, and  on  the  twenty-second  day  the  memorable  Gk)veTnment  mes* 
sages  were  sent  to  America,  countermanding  the  return  of  the  62nd 
and  89th  Begiments,  thereby  saving  to  the  British  Grovemment  the 
sum  of  60,000^ 

To  give  our  readers  some  idea  of  the  difficuliy  experienced  in 
forcing  information  tlirougfa  the  wire,  we  copy  verbatim  die  conversa- 
tion which  took  pkoe  in  reference  to  these  despatches  at  the  two 
extremities  of  the  wire.  Valencia  speaks  to  Newfoundland  at  1.30 
pjn.  on  August  81 : — 

"  Can  you  read  ?  We  have  two  Government  messages.  Will  you  take  ? 
Reply  direct." 

Newfoundland,—^^  Try,  but  send." 

Valencia, — *'  The  Military  Secretary  to  Commander-in-Chief,  Horse 
Guards,  LondoD,  to  General  TroUope,  Halifax,  Nova  Scotia : — ^The  Sixty- 
second  Begiment  is  not  to  retura  to  England." 

Newfoundland, — ^  This  received : — *  The  Military  Secretary  to  Com- 
mander-in-Chief, Horse  Guards,  London/  " 

"  *  Trollope,*  imderstand,  go  on  after  *  Scotia.'" 

"  Is  it  finished  after  '  England  ?' " 
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Valencia, — "  Yes.    Now  take  another.    Are  you  ready  ?  ** 

Netafbundland. — "  Yes,  send." 

Valencia, —  "  The  Military  Secretary  to  Commander-in-Chief,  Horso 
Guardsy  to  General  Officer  Commanding,  Montreal,  Canada : — ^The  Thirty-* 
ninth  Regimebt  is  not  to  return  to  Eugknd." 

Newfoundland. — **  I  want  you  to  repeat  *  Canada.*  '• 

Valencia.—''  Can't  read.    Try  Daniel's." 

Newfoundland. — "Bepeat  from  *  Canada'  to  *  return.'" 

Valencia. — "  Canada : — ^The  Thirty-ninth  Regiment  is  not  to  return." 

Newfoundland. — '*  Understand." 

The  above  occiipied  eleven  hours  in  transmission. 

On  the  30th  of  Angust,  Mr.  Field  telegraphed  from  America,  as 
follows : — "  Early  in  the  morning  of  September  1,  Please  send  me 
message  that  I  can  read  at  the  celebration  that  day,  and  another  on 
the  2nd  that  I  can  read  at  dinner  that  evening."  Accordingly  on  the 
1st  of  September,  Valencia  telegraphed  the  following  message  to 
C.  W.  Field,  New  York: — "The  Directors  are  on  their  way  to 
Valencia,  to  make  arrangements  for  opening  wire  to  public.  They 
convey  tiirongh  cable  to  you  and  your  fellow-citizens  their  hearty 
eongratulations  and  good  wishes,  and  cordially  sympathize  in  your 
joyous  celebration  of  the  great  international  work." 

Up  to  this  time  the  condition  of  the  line  may  be  said  to  have 
midergone  slight  improvement.  Several  long  and  important  com- 
munications had  been  sent  through  it,  and  it  was  on  the  eve  of  being 
formally  opened  for  commercial  purposes,  when,  without  any  ascer- 
tained cause,  a  collapse  took  place,  and  the  Atlantic  Telegraph 
suddenly  became  defunct ;  its  death  being  the  more  ignominious  when 
we  take  into  account  the  message,  in  the  utterance  of  which  it  ex- 
pired. From  this  date  no  other  sentence  could  be  forced  through, 
and  with  the  exception  of  isolated  words  and  signals  during  the 
month  of  September,  all  attempts  to  restore  communication  failed. 
As  late  indeed  as  October  20tii,  eight  words  of  a  sentence  were 
spoken  through  the  cable  from  Newfoundland  to  Valencia,  but  this 
was  owing  to  the  employment  of  recklessly  energetic  battery  power, 
and  may  be  looked  upon  as  the  spasmodic  twitchings  of  a  galvanized 
corpse,  rather  than  healthy  vitality. 

Let  us  now  try  to  ascertain  the  causes  of  this  gigantic  failure,  and 
see  whether  the  experience  so  dearly  gained  renders  a  similar  under- 
taking likely  to  be  reasonably  successful.  It  must  be  confessed  that 
frt>m  the  first  success  was  almost  hopeless.  Everything  connected  with 
the  manu£eu)ture  of  the  rope  and  its  subsequent  treatment  was  con- 
ducted in  such  a  hurried  and  reckless  manner,  that  few  who  knew  aU 
the  circumstances  were  surprised  at  its  failure.  Before  the  cable  was 
laid  there  was  great  neglect  in  the  electrical  department,  and  the 
manufacture  was  carried  on  throughout  without  proper  supervision. 
At  the  whim  of  any  dilettante  experimentalist,  the  cable  was  cut 
through  and  through  without  hesitation,  and  the  joints  were  fre- 
quently cobbled  up  most  disgracefully.  It  has  been  estimated  that 
there  were  upwards  of  100  unnecessary  cuts,  and  several  imperfect 
joints  have  been  exhibited,  any  one  of  which  would  be  amply  sufficient 
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to  accoont  for  the  sadden  cessation  and  reappearance  of  the  signalling  ; 
indeed  it  has  been  stated  on  good  anthority  that  skilled  servants  of  the 
Gutta  Percha  Company  who  were  sent  to  the  contractor's  works  for 
the  express  purpose  of  uniting  the  varioas  sections  of  the  cable  in  as 
perfect  a  manner  as  possible,  were  dismissed  becanse  they  made  the 
joints  too  slowly,  and  their  places  were  supplied  by  other  workmen. 
But  even  then,  if  skilled  el<K;tricians  had  tested  the  cable  properly 
under  water,  they  ought  to  have  found  out  the  locality  of  the  defects 
before  it  was  too  late  to  remedy  them.  When  too  late  it  was  found 
that  a  very  serious  fault  existed  about  420  miles  from  the  coast  of 
Ireland.  It  may  be  reasonably  assumed  that  this  was  one  of  the  im- 
perfect joints — good  enough  to  carry  the  current  without  betraying 
itself  before  the  paying  out,  but — seriously  weakened  by  the  repeated 
ceilings  and  uncoilings  that  the  cable  had  undergone.  This  was 
broken  by  the  strain  upon  it  during  the  paying  out,  was  temporarily 
brought  together  again  when  lodged  on  the  bed  of  the  ocean,  and 
finally  succumbed  under  the  burning  discharges  from  the  gigantic  in- 
duction coils  used  during  some  part  of  the  short  existence  of  the  line. 

Public  attention  is  now  being  directed  to  the  Persian  Gulf  cable, 
which  will  supply  the  one  link  wanting  to  connect  this  country  with 
India.  If  the  Atlantic  disaster  has  done  nothing  else,  it  has  proved 
the  po«ibmty  of  signalling  through  yast  distances  of  submarine  wire, 
whilst  it  has  given  to  practical  men  such  a  fond  of  experience  as  to 
xender  a  failure  of  the  Indian  line  well-nigh  impossible.  Without 
^oing  into  the  details  of  its  construction  we  may  briefly  state  that 
the  copper  wire  possesses  the  highest  practicable  conducting  value ; 
the  remote  chance  of  holes  or  faulty  places  in  the  four  surrounding 
layers  of  gntta-percha  has  been  removed  by  an  intermediate  layer  of 
Ohatterton's  highly  insulating  compound  ;  the  cable  has  been  not  only 
liept  under  water  whilst  at  the  manufacturer's  works,  but  is  carried  in 
water-tanks  on  board  ship  to  its  destination,  and  its  electrical  con- 
idition  ifl  tested  daily  ;  whilst  the  outer  coating  of  tarred  hemp  acts  as 
a  protection  to  the  iron  armour,  and  prevents  the  twisting  action  oc- 
casioned by  tiie  rapid  passage  of  the  wire  spirally  through  the  water 
daring  the  paying  out ;  for  when  the  cable  passes  down  like  a  screw 
through  a  nut,  there  is  a  great  liability  to  kink. 

When  the  cable  lo^  thiB  island  it  was  as  electrically  perfect  as  we 
can  reasonably  hope  to  get  such  a  line  in  the  present  state  of  our 
knowledge,  and  the  subsequent  operation  of  paying  out  has  been 
reduced  to  4nich  certainty,  that  there  is  no  doubt  whatever  about 
the  eventual  success  of  the  enterprise.  In  the  eubmarine  lines 
iiitherto  laid,  all  the  fiftilures  have  been  due  to  definite  causes  which 
can  be  readily  guarded  against.  Possibly  other  causes  of  failure  still 
remain  to  be  traced  out  and  surmounted,  but  we  cannot  imagine  any 
combination  of  untoward  circumstance  which  could  affect  the  ultimate 
successful  working  of  the  Persian  Gulf  line,  llie  greatest  depth  of 
water  in  which  it  will  be  laid  is  60  fathoms,  and  should  an  accident 
happen  during  the  paying  out,oau8ing  the  rope  to  snap,  or  should  the 
electricians  at  either  end  discover  loakageof  insulation,  or  stoppage  of  the 
ourrent,  there  will  not  be  the  least  difficulty  in  fishing  up  and  repair- 


1864.]  Mallbt  on  Earthquakes.  63 

ing  tho  damaged  portion.  As  an  instance  of  the  certainty  with  which 
the  electrical  tests  now  employed  can  point  out  the  exact  locality  of  a 
fault,  we  may  mention  that  in  one  deep-sea  line  a  defect  was  detected  by 
the  instroments  to  exist  190  miles  out  at  sea.  A  ship  repaired  to  the 
spot,  miderran  the  cable,  and  fomid  the  calculation  correct  within  a 
mile.  This  being  mended,  the  electricians  immediately  said  that  their 
tests  showed  another  fault  about  112  miles  further.  This  also  was 
found  to  be  the  case,  with  scarcely  more  error  than  in  the  former 
instance.  The  bed  of  the  Gulf  is  admirably  adapted  for  the  safe  pre- 
servation of  a  cable,  being  free  from  those  great  variations  of  depth  and 
rocky  emin^aces  which  effected  the  ruin  of  the  Bed  Sea  cable.  In  that 
instance  the  line  was  laid  too  tensely,  and  was  suspended  consequently 
in  festoons  between  the  numerous  rocks.  It  had  ample  strength  to  bear 
its  own  weight  in  this  position,  and  at  first  experienced  no  harm. 
GraduaUy  however,  barnacles,  seaweeds,  &c.,  found  it  a  convenient 
resting-place ;  and  in  course  of  time  they  acciunulated  on  the  rope  to 
such  an  extent,  as  to  cause  it  to  break  under  the  additional  strain. 
In  the  new  undertaking,  the  remote  possibility  of  such  an  occurrence 
as  this  will  be  avoided  by  paying  out  abundance  of  slack  wherever  the 
soundings  show  much  undulation  of  the  sea  bottom. 

The  success  which  must  attend  the  Persian  Gulf  cable,  and  the 
near  approach  to  certainty  of  an  equally  good  result  in  o^er  sub* 
marine  lines  now  in  progress,  ought  to  remoTC  much  of  the  financial 
difficulty  in  inaugurating  another  attempt  to  connect  England  with 
America.  The  first  line  proved  the  possibility  of  transmitting  mes- 
sages across  the  whole  width  of  the  Atlantic.  This  alone  was  worth 
all  the  expenditure  incurred ;  and  if  the  promoters  of  the  new  line 
make  use  only  of  the  information  which  the  death  of  the  old  cable 
elicited,  the  public  will  have  no  reason  to  regret  the  three  quarters  of  a 
million  sterling,  now  feeding  the  fishes  in  the  cool  depths  of  th^ 
Atlantic. 


THE  LATE  EABTHQUAKB,  AND  EABTHQUAKES  IN 

GENEBAL. 

By  BoBBBT  Mallkt,  0  JL,  F.B.S. 

OvsB  a  large  portion  of  England,  people  were  startled  from  sleeps 
shaken  by  an  invisible  hand,  in  the  night  of  the  5-6  October  last 
(1863).  A  few,  at  once — and  most  persons  after  awhile — ^realized  the 
the  fact  that  they  had  experienced  an  Earthquake,  and  escaped  un- 
harmed. Amongst  the  tens  of  thousands  thus  aroused;  who  compared 
notes  at  breakfast,  as  to  their  own  reception  of  the  mysterious  visitant, 
how  few  had,  or  have  at  this  moment,  any  notion  of  tiie  narrow  margin 
during  that  sudden  and  evanescent  throb,  which  divided  their  own 
fSsbtes,  between  safety  and  one  of  the  most  terrible  forms  of  death — 
that  of  being  buried,  bruised,  broken,  suffocated,  or  perhaps  burnt  alive, 
beneath  the  overthrown  ruin  of  their  own  hearth  and  home.  Slight 
as  was  this  shock  compared  with  those  of  other  lands,  of  the  terrors 
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of  which  we  delight  to  lead — as  of  those  of  war  or  shipwreck — ^it  well 
might  startle  those  who  felt  it,  if  ignorance  were  not  here  bliss  to 
nearly  all  of  ns.  The  pulse  that  careered  over  the  fiEU3e  of  England 
on  that  night,  like  the  breeze  that  sweeps  over,  and  waves  a  field  of 
standing  com,  was  probably  not  greater  in  the  yelocity  of  its  wave 
particle  than  is  the  yelocity  which  imparts  the  shock  one  may  feel  by 
dropping  on  his  heels  from  a  stone-step  six  inches  in  height;  but  had 
its  wave  velocity  been  only  as  great  as  that  produced  by  dropping  in 
like  manner  from  the  height  of  a  chair,  it  would  have  laid  in  ruins 
numbers  of  our  English  towns,  and  would  have  given  us  a  sharp  ex- 
perience, by  the  loss  of  life  and  properly,  of  the  mourning  and  woe 
that  are  so  often  the  lot  of  Earthquake  countries. 

Indeed,  amongst  the  many  natural  gifts,  referable  to  Qeographical 
position  and  Geological  structure  with  which  Great  Britain  has  been 
so  lavishly  endowed  by  Providence,  none  has  been  more  important 
(though  little  recognized)  in  permitting  our  national  development, 
than  our  immunity  from  frequent  or  severe  Earthquakes.  We  may  in 
this  respect,  but  in  a  different  sense  from  him  of  old,  "  thank  Grod  that 
we  are  not  as  other  men  are."  A  single  shock,  no  greater  in 
violence  than  those  which  occur  almost  monthly,  within  less  than 
2,000  miles  of  us  (in  the  Mediterranean  Seismic  Bimds) — one,  namely, 
the  velocity  of  whose  wave  particle  should  be  no  more  than  12  to 
15  feet  per  second,  (not  so  &8t  as  we  sometimes  move  in  a  car- 
riage,) would  not  only  split  and  prostrate  minster,  spire,  and  column, 
but  would  leave  Manchester,  Liverpool,  or  London,  moimtainous 
heaps  of  brickdust,  and  rubbish.  Terrible  as  are  the  consequences 
of  such  utter  overthrows  in  the  cities  of  other  lands,  our  arti- 
ficial conditions  would  add  new  horrors  to  the  overturning  of  our  own ; 
for  besides  the  conflagration  that  almost  always  succeeds  the  down- 
fiJl,  ignited  by  the  buried  household  fires  or  lights,  we  should  have 
superadded,  the  feJling  in  of  great  sewers,  with  the  overflow  of 
their  polluted  streams  amidst  tiie  ruins;  the  damming,  more  or 
less,  of  great  tidal  rivers  like  the  Thames,  by  falling  bridges ;  burst 
and  spouting  water  mains ;  gas  escaping  and  exploding  in  all  sorts 
of  cavities  amidst  these  over-ground  *'  goafs,"  viaducts  and  iron 
bridges  brought  to  the  ground  by  their  own  inertia,  tunnels  col- 
lapsed— coal  and  salt  pits  and  mines  ruined — roof  and  floor  in  a 
moment  brought  together — complications  of  horrors  such  as  can  be 
even  but  inadequately  imagined.  Happily  there  is  little  chance  of 
such  a  catastrophe.  Enough  has  already  been  ascertained,  as  to  the 
distribution  in  space  over  tibe  earth's  surface  of  Seismic  or  Earthquake 
energy,  to  admit  of  our  affirming  the  extreme  improbability  of  the 
occurrence  of  any  greai  Earthqut^e  in  the  British  Islands ;  but  there 
is  no  physical  reason  why  such  an  event  might  not  occur  to-morrow, 
and  it  is  certain  also  that  the  Seismic  Bands,  t .  e,  the  great  ribbon-like 
spaces  of  maximum  Earthquake  energy,  distributed  over  the  surface 
of  our  earth,  and  which  may  be  seen  laid  down  upon  the  Seismio 
mercator  of  the  world,  in  the  British  Association  Earthquake  Cata- 
logue,* are  given  to  wander,  and  that  we  have  perilously  bad  neigh- 

*  28th  Beport,  1858. 
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bonn  not  so  far  away  to  the  noith  and  south  of  ufl,  so  that  a  time  may 
amTe,  when  some  remote  posterity  of  our  own  may  become  partakers 
in,  if  not  socoessors  to,  their  misfortunes.  But  although  our  country 
is  thus  happily  placed  in  one  of  the  quieter  hayens  of  this  heaving 
world  (upon  the  snrfiace  of  which  not  a  day  passes  without  an  Earth- 
quake somewhere,  nor  any  ei^t  consecutive  months  without  one 
great  enough  to  prostrate  buildings  over  thousands  of  square  miles), 
and  is  so  circumstanced  as  never  to  be  very  violently  shaken,  yet 
we  are  shaken  much  more  frequently  than  people  generally  ima- 
gine ;  and  now  and  then,  as  on  the  late  occasion,  the  ^ock  is  suffi- 
ciently severe  to  be  of  a  very  awakening  character. 

Since  the  11th  century,  there  are  upon  record  as  occurring  in  the 
British  Tslands,  including  the  Hebrides,  nearly  240  Earthquakes. 

Statistics  have  been  tabulated  which  indicate  the  probability  that 
up  to  the  end  of  the  17th  century  not  more  than  one-twelfth  of  the 
Earthquakes  that  occurred  in  Great  Britain  were  recorded  at  all,  nor 
more  than  one-haH^  up  to  the  end  of  the  18th  century.  And  at  the 
present  moment,  there  is  good  ground  to  conclude  that  about  two 
Earthquakes  per  week  shake  the  soil  of  England,  Scotland,  or  Irelandi 
without  counting  minute  and  continually  repeated  vibratory  jars,  such 
as  those  long  remarked  at  Comrie  in  Scotland.  Now  and  then,  some 
of  these  British  shocks  are  not  quite  to  be  despised ;  for  example,  on 
the  13th  of  August,  1816,  an  Earthquake,  that  extended  with  violence 
over  more  than  100  square  miles  of  Scotland,  shook  down  part,  and 
twisted  upon  its  base  tiie  whole,  of  the  spire  of  the  church  of  Aber- 
deen. On  March  17th,  1843,  an  Earthquake,  great  enough  to 
damage  buildings,  occurred  in  the  North  of  England,  and  reached 
from  Northmnberland  down  to  Flintshire,  and  from  the  Isle  of  Man 
to  beyond  Cheshire ;  and  no  longer  ago  than  on  the  9th  November, 
1852,  a  shock  which  threw  down  strong  walls  at  Shrewsbury,  extended 
over  the  British  Islands  from  Dumbarton  nearly  to  Dartmoor,  in  Devon 
— and  from  Enniskillen,  in  Ireland,  to  Gainsboro'  in  Lincolnshire. 

Nothing  was  so  remarkable  in  the  mass  of  letters  from  Gorrespon* 
dents  as  to  the  late  Earthquake  (of  October)  with  which  '  The  Times ' 
and  other  Papers  were  for  a  few  days  afterwards  filled,  as  the  dense 
ignorance  that  prevails  amongst  all  classes  as  to  the  nature  of  these 
phenomena,  and  of  the  circumstances  that  it  is  desirable  to  observe 
with  respect  to  them. 

One  writer's  letter  contains  literally  but  two  facts,  that  *'  he  felt 
something*'  which  he  thought  must  have  been  an  Earthquake— and  that 
"  he  got  up,  and  immediately  lighted  a  candle," — he  might  have  added, 
that  in  this  case  he  did  not  put  it  under  a  bushel !  The  pseudo-scientific 
**  communications "  chiefly  record  the  exact  state  of  Barometer  and 
Thermometer  at  the  moment  of  shock ;  &cts  now  known  to  be  nearly 
as  irrelevant  as  the  price  of  Consols  the  day  before.  Nor  is  this  ignor- 
ance confined  to  the  mere  ^Mgnoble  vulgar,"  for  a  professed  Meteoro- 
logist, for  the  benefit  of  the  public  at  large,  prints  in  *  The  Times '  a 
string  of  inquiries  to  which  he  demands  answers,  but  which  point  to 
nothing  so  clearly  as  the  writer's  ignorance  of  the  subject  that  he 
meddled  with,  and  which  he  seems  to  think  is  still,  as  in  the  venerable 
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days  of  Aristotle,  a  branoli  of  Meteorology ;  at  the  same  time  we  happen 
to  know  that  that  Jonmal  declined  to  give  publicity  to  a  carefally 
drawn  np  series  of  inquiries  prepared  for  it  by  a  competent  person. 

The  fact  is  that  Seismology — ^which  has  only  become  a  science 
since  1846,  and  has  since  advanced  with  very  rapid  strides — has  as  yet 
not  become  difiEused  at  all  widely,  even  amongst  ike  proper  brotherhood 
of  Science,  and  no  attempt  has  been  made  to  popularize  it  for  the  less 
informed  reader.  It  occupies  just  now  about  the  same  relatiye  position 
that  Ice  Theories  did  in  1837,  when  at  the  Liverpool  Meeting  of  the 
British  Association,  the  very  first  Paper  that  appeared  in  English  on 
the  Motion  of  Glaciers  was  read  (on  Bu£Ebranoe)  in  the  Geological  sec-, 
tion  ;  the  President  observing  that,  "  as  the  topmost  and  most  recent 
of  all  deposits,  Ice  might  certainly  be  conceived  as  having  something 
to  do  with  Geology ;"  but  no  one  then  saw  any  importance,  or  great 
Coemical  relations,  in  the  subject  that  since  has  engaged  so  many 
minds,  and  been  shown  to  play  so  important  a  part  in  £e  terrestrial 
machine,  and  which,  having  passed  into  popular  hands,  is  now  being 
"  run  away  with "  by  some  Geologists,  who  attribute  to  its  past  or 
present  agency  many  gigantic  tasks  that,  tested  by  only  a  little  exact 
science,  would  prove  to  be  impossible.  No  doubt  something  of  a  like 
fate  is  in  store  for  Seismology.  Those — the  few — who  will  master 
the  preliminary  science  absolutely  necessary  to  understand  and  make 
use  of  it,  win  find  in  it  the  key  to  some  of  the  greatest,  and  hitherto 
amongst  the  most  obscure,  problems  of  Physical  Geology.  Those  who 
will  be  content  with  scraps  of  knowledge,  or  with  being  told  results,  like 
children,  will  be  amused ;  and,  in  proportion  as  they  know  more,  will  they 
be  better  amused,  with  Earthquake  stories.  But  though  they  will  then 
to  some  extent  comprehend,  they  can  never  make  for  themselves  real 
advances  into  the  unknown.  On  the  contrary  (as  with  many  Glacialists 
in  relation  to  Greology),  they  may  oftener,  if  they  make  the  attempt, 
*^  darken  counsel  by  words  without  knowledge ; "  for  the  half  knowledge 
of  ingenious  men  is  always  <<the  Philosophy  of  the  unconditioned." 
But  although  this  is  peculiarly  the  popular  career  of  such  parts  of 
science  as  seize  upon  the  imagination  by  the  grandeur  of  the  pheno- 
mena they  discuss,  and  admit  of  a  smattering  of  their  reasonings  being 
attained  without  great  mental  effort, — still  it  is  well,  here  as  eveiy- 
where,  that  those  who  actually  scale  the  rugged  precipice  of  science, 
when  they  have  reached  a  firm  foothold  upon  a  new  or  higher  ledge, 
should  turn  round  and  announce  to  those  that  labour  in  the  plain,  the 
wider  and  nobler  horizon  of  nature  they  have  commanded. 

It  is  good,  therefore,  that  Science  (worthily  so  called)  should,  as 
far  as  possible,  utter  her  voice  intelligibly  to  aU.  Let  us  humbly  try 
to  do  this  in  part  for  the  new-bom  science  of  Seismology ;  but  we 
must  begin  at  the  beginning,  albeit  we  may  not  in  this  paper  reach 
the  end.  And  first,  let  us  understand  what  we  are  speaking  about. 
What  is  an  Earthquake  ?  Our  readers  are  confident  that  they  can  answer 
that  inquiry.  There  are  some  who  have  read,  many  who  have  talked 
of  them,  and  some  even  who  have  felt  their  effects.  But  what  are 
these  effects?  and  the  cause — what  is  it?  Let  us  mention  one  or  two 
things  which  an  Earthquake  is  not.    It  is  never  *'  one  of  the  means  by 
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which  pemmnent  geologic  deyations  of  the  land  are  pToducecL,"  though 
too  oilen  confoimded  with  these  in  all  sorts  of  geological  "  systems," 
and  ex  eaihedrd  utterances.  Nor  is  it  "  the  reaction  of  the  interior  of 
a  planet  upon  its  exterior,"  for  that,  oracular  as  it  sounded  from  the 
lips  of  a  Humboldt,  is,  in  fiict,  to  say  nothing. 

What,  then,  is  an  Earthquake  P  It  is  the  transit  of  a  vsave  or  waves 
of  dasUe  compression  in  any  direction^  from  vertically  upwards  to  horizon^ 
iaUy  in  any  asBimuthy  through  the  substance  and  surface  of  the  Earthy 
from  amy  centre  of  impulse^  or  from  more  than  one  ;  and  which  may  he 
attended  with  scimd  and  tidal  waves^  dependeni  upon  the  impulse^  and 
upon  circumstances  of  position  as  to  sea  and  land. 

To  tmderstand  the  definition  we  must  have  a  clear  notion  of  what 
a  wave  is.  We  will  return  to  that  true  threshold  of  Seismology,  but 
first  let  us  take  a  very  brief  glance  at  the  history  of  our  subject.  This 
is  twofold  :  that  of  the  tsctSj  or  reputed  faEusts,  as  found  in  innumerable 
Earthquake  narratiyes,  and  that  of  human  opinion,  from  the  dawn  of 
knowledge  downwards,  as  to  these,  in  referring  them  to  causes. 

The  supposed  first  cradle  of  our  race,  or  at  least  of  that  great 
branch  of  it  from  which  we  oursdveB,  and  almost  all  our  knowledge, 
have  come,  was  situated  in  regions  that  during  all  history,  as  now,  have 
been  greatly  disturbed  by  Earthquakes,  which  thus  very  early  engaged 
the  minds  of  the  more  observant  of  men.  Nothing,  not  even  thunder 
and  lightning,  amongst  natural  phenomena  can  have  so  impressed  the 
imagination  of  early  peoples,  as  did  these  suddenly  felt  shakings,  by  a 
terrible  and  unknown  power  inhabiting  the  unseen  depths  of  the 
Earth,  nor  more  imperatively  stimulated  to  the  discovery  of  some 
cause  for  them. 

The  genius  of  the  old  nations  of  the  East,  that  always  "  sought 
after  a  sign,"  or  for  a  final  cause,  was  and  is  satisfied  with  a  myth. 
When  Brahma  turned  sides,  there  was  an  Earthquake,  or  when  the 
Tortoise,  on  which  the  world  rests,  stirred  his  flippers,  there  was 
the  like  resxdt ;  and  this  sort  travelled  westwards,  moulding  the  earlier 
than  Homeric  Mythology  of  the  days  when  Greece  was  young,  and 
showing  itself  in  the  mysterious  power  of  the  Trident  of  Neptune, 
^sia-ix^ovos  Bvyoffiyonos.  But  the  Greeks  **  desired  wisdom,"  and  only 
missed  it  as  to  deciphering  nature,  because  they  started  from  arche- 
type creations  of  the  mind,  and  not  from  inductive  observation. 

There  was  plenty  of  sach  philosophizing  on  Earthquakes  amongst 
them.  There  were  three  theories  before  tiie  days  of  Aristotle :  that 
of  Anaximenes,  the  Milesian  ;  of  Anaxagoras  of  Elasomene  ;  and  of 
Democritus  of  Abdera,  in  order  of  time.  Aristotle  himself  wrote 
laigely  and  learnedly  in  the  books  itepi  Merecvf^oXoyixcov,  and  irspi  KoVjitou. 
He  had  remarked  and  classified,  with  his  accustomed  comprehensive- 
ness, the  different  sorts  of  shocks  by  their  sensible  effects,  dividing  all 
into,  feVocXiKTOi,  which  strike  the  earth's  surface  at  an  acute  angle;  fipa," 
arauy  those  that  come  right  up  (vertically),  and  sink  down  again,  like 
«  boiling  spring  or  pot ;  y(axrwariaiy  those  that  leave  hollows  i^r  their 
departure ;  (fTtxrat,  those  which  break  forth  with  eruption  of  wind, 
stones,  mud,  &c.  Those  which  with  one  great  push  overturn  everything 
are  iaroLs^  and  those,  that  with  much  shaking  to  and  fro,  and  up  and 
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down,  replace  the  objects  they  have  displaced,  and  are  of  the  nature 
of  tremors,  are  neaXfji^rlai, 

The  first,  the  second,  and  the  two  last,  are  clear,  and  ahnost  exactly 
expressive  of  the  sensible  differences  of  Earthquake  shocks ;  bnt  in 
the  two  between,  Aristotle  either  classes  Volcanic  Eruptions  with 
Earthquakes  as  all  parts  of  one  common  train  of  events — or  con- 
founds the  shock  with  its  consequences,  i.  6.  the  Earthquake  with 
its  secondary  effects.  Beyond  the  proof  which  this  classification 
affords,  that  nearly  two  thousand  five  hundred  years  ago.  Earthquakes 
were  much  the  same  as  they  are  now,  no  man  can  learn  anything 
from  the  disquisitions  of  Aristotle. 

Partly  from  the  Oreek  being  in  these  passages  in  many  places 
corrupt,  but  far  more  from  the  feust  that  the  Greeks  had  no  distinct 
notions  as  to  those  forces  of  matter  we  call  ^^  molecular,"  nor  yet 
any  clear  metaphysics,  an  abuse  of  words  is  found  in  their  Physical 
writings  which  often  renders  them  almost  unintellgible :  itvevfj^a  is  in 
some  sort  the  cause  of  all  Earthquakes,  says  Aristotle ;  but  whether 
by  the  word,  he  meant  simply  the  winds,  or  some  intangible  imponder- 
able force  or  agent  present  in  the  earth  and  above  it,  acting  upon 
the  winds,  and  acted  on  by  them,  though  not  the  winds  themselves, 
and  giving  rise  to  Earthquakes  and  Volcanoes,  it  is  impossible  to 
determine.  The  word  leysvfua  was  used  to  express  pure  spirit,  and 
the  wind,  as  well  as  condensable  vapours,  indifferently  and  alike,  by 
the  vulgar,  and  by  the  philosopher.  Thus  in  John's  Gospel,  cap.  iii. 
V.  8,  this  word  occurs  twice  in  the  same  verse,  and  is  translated  wind 
first,  and  spirit  afterwards  in  our  version. 

The  views  of  the  great  and  philosophic  Seneca  are  far  more 
distinct  and  important.  What  Humboldt  wrote,  was  true  at  the  time, 
and  the  '  Questiones  Naturales '  contain  the  germ  of  almost  everything 
that  has  been  advanced  in  modem  times  as  to  Volcanic  action  in  its 
larger  sense. 

But  we  must  hurry  away  from  classic  days,  leaving  Pliny  without 
notice,  and  pass  on  and  over  the  centuries  of  the  so-^Jled  dark  ages, 
and  of  the  revival  of  knowledge,  remarking  only  that  in  the  fifteenth, 
sixteenth,  and  seventeenth  centuries,  innumerable  pamphlets  and 
books  were  published,  most  of  them  recording  with  a  grand  gche" 
mouche  credulity,  all  sorts  of  si'gns  and  wonders,  and  straightway 
founding  a  theory  thereon.  In  the  seventeenth  century,  these  usually 
^^  improved  the  occasion  "  by  pointing  out  that  the  particular  Earth- 
quake was  a  special  judgment  on  some  unfriendly  nation  or  obnoxious 
creed.  The  crudest  and  wildest  hypotheses  were  set  forth,  and  more 
or  less  accepted  to  account  for  the  production  of  the  shock.  Thus  it 
was  due  to  soluiio  conHnui  in  the  parts  of  the  earth,  to  a  sudden  penning 
in  of  the  subterraneous  fires,  to  sulphureous  and  bituminous  blasts,  or, 
as  Dr.  Stukely  was  of  opinion,  to  the  play  of  lightning  and  thunder 
imderground  in  manner  like  to  that  wherein  they  appear  in  our  firma- 
ment. In  nearly  all  these.  Earthquakes  and  Eruptions  are  impartially 
jumbled.  It  is  only  within  a  very  short  time,  that  a  few  men  in 
Europe  have  come  to  see,  that  while  Vulganioitt  is  a  word  that  may 
properly  express  the  community  as  to  causation  that  exists  between 


1364.]  Hallbt  m  Eaiihquake$.  59 

EaiihqiiakeB  and  VolcanoeB,  yet  tliat  these  must  be  treated  and  inTes- 
tigated  up  to  a  certain  point  as  distinct,  and  that  Sbishology  shall 
express  the  system  of  doctrines  of  the  former,  and  Yvloanologt  that 
of  the  hitter. 

There  are  a  few  bright  points  of  observant  thought  to  be  found 
amidst  all  this  "  old  world  "  muddle,  however. 

Fromondi,  who  wrote,  in  1525,  six  books  on  Meteorology,  and 
devotes  the  fourth  to  Earthquakes,  refers  to  the  explosion  of  the  great 
Fire  Ship,  by  which  the  boleagured  Antwerpers  blew  up  the  Duke  of 
Parma's  Iffidge  over  the  Scheldt,  of  which  Mottley  has  given  so  spirit* 
stirring  an  account  in  his  *  History  of  the  Bevolt  of  the  Netherlimds/ 
Fromondi  remarks,  that  the  blow  of  its  explosion  was  felt  almost  all 
over  Holland ;  and  he  seizes  upon  the  analogy  between  the  effects  and 
those  of  Earthquakes ;  but  he  soon  loses  the  train  of  thought  that  had 
thus  so  well  broken  cover. 

Maggio,  of  Bologna,  in  1571,  was  the  first  who  made  any  attempt 
to  collect  and  classify  into  eleven,  the  signs  or  presages  of  Earth- 
quakes, not  with  much  light,  it  must  be  coi^essed,  as  he  put  Eclipses 
and  Comets  amongst  *'  the  eleven." 

Then,  just  about  a  century  later,  came  Travagini,  to  whom  belongs 
the  credit  of  the  first  attempt  to  found  a  Physical  Theory  of  Earthquake 
movements,  and  whose  disquisitions  present  a  notable  example  of  how  a 
man  may  go  coasting  along  very  near  to  a  great  truth,  and  yet  never 
touch  it. 

He  had  experienced  a  horrible  Earthquake  in  1667  at  Eagnsa — 
seismically  a  very  ugly  region,  being  that  where  the  great  seismic 
hand  whidi  stretching  away  westward  from  Varna  and  Constantinople 
along  the  Balkan,  crosses  the  Adriatic,*  and  joins  on  to  the  great 
Italian  band  at  Gargano  and  Melfi,  and  a  place  still  subject  to  fire- 
quent  and  violent  disturbance. 

.  That  the  shock  was  due  to  some  kind  of  impulse  or  blow,  and  that 
the  force  was  in  some  sort  dispersive,  is  all  of  truth  that  can  be  said  to 
have  been  seen  clearly  by  Travagini,  though  he  was  close  to  a  great 
deal  more. 

Hooke,  in  1690,  delivered  his  <  Discourses  of  Earthquakes,' 
before  the  Boyal  Society.  These  Lectures,  though  called  so,  are,  in 
fact,  a  diffuse  sort  of  system  of  Physical  G^logy,  and  full  of  sugges- 
tive thoughts ;  but  Hooke  throughout  loses  sight  of  what  an  Earth- 
quake r^dly  is,  and  confounds  all  descriptions  and  sources  and 
degrees  of  elevatory  forces  and  their  effects,  with  the  transient  action 
and  secondary  effects  of  Earthquakes  properly  defined.  These  Lec- 
tures have  been  the  mine  from  which  numberless  later  Greological 
authors  have  more  or  less  consciously  drawn,  and  while  they  are  a 
repertory  of  curious  and  often  valuable  thought  and'  information,  they 
hare  done  great  mischief  in  being  one  of  the  main  causes  of  the  same 
confusion  of  ideas  between  the  effects  of  Land  Elevation,  and  those 
of  Earthquake,  which  is  not  even  yet  cleared  out  of  Geological  sys- 
tematic authors. 

Li  1760,  the  Bev.  John  Mitchell,  Fellow  of  Queen's,  Cambridge, 

*  Bee  Map  D,  <  Beport  to  Boyal  Society  oo  Neapolitan  Earthquakee  of  1857.' 
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prodnoed  a  most  remarkable  paper  on  EarUiqnakes  to  the  Boyal 
Society,  printed  in  the  '  Philosophical  Transactions/  vol.  li. — atten- 
tion being  then  powerfully  directed  to  the  subject  by  the  recent 
terrible  shock  that  had  destroyed  Lisbon. 

He  shows  a  wonderfully  clear  cqnception,  for  his  time,  of  the 
general  configuration  and  structure  of  the  superficial  parts  (or  crust 
as  it  is  the  fashion  to  call  it)  of  the  Earth,  and  of  the  relations  be- 
tween Volcanoes  and  Earthquakes.  Both,  he  supposes,  are  due  to  vapour 
of  high  tension  almost  instantly  generated  by  contact  of  water  with, 
incandescent  rock,  deep  in  the  earth.  Misled,  however,  by  his  con- 
ception of  the  universality  of  horizontally  disposed  strata,  and 
of  a  nucleus  of  liquid  lava  universally  beneath  them,  he  goes  at  last 
hopelessly  wrong,  by  supposing  that  Earthquake-shock  consists  in  a 
liquid  wave  of  translation  produced  in  the  lava  sea  beneath,  which 
forces,  as  it  travels,  the  flexible  covering  of  stratified  material  over- 
head to  undulate  along  with  it,  just  as  '*  a  large  carpet  spread  upon 
a  floor,  if  it  be  raised  at  one  edge,  and  suddenly  brought  down  again 
— the  air  under  it  by  this  means  propelled,  will  pass  along  until  it 
escapes  at  the  opposite  side,  raising  the  cloth  in  a  wave  all  the  way 
as  it  goes."  This  paper,  though  vitiated  throughout  by  this  leading 
fallacy  as  to  the  nature  of  the  Earthquake  wave,  was  a  most  merito- 
rious performance,  and  had  important  effects  (though  little  specifically 
noticed),  in  moulding  the  thoughts  of  the  earlier  schools  of  Qeology. 
Bertrand,  Bouguer,  Ullea,  Dolomieu,  Grimaldi,  Hamilton,  and  tiie 
Neapolitan  Boyal  Commissioners,  accumulated  a  mass  of  fSelcts  (and, 
let  us  add,  of  fictions)  of  Earthquakes,  in  the  last  and  beginning  of 
this  century. 

Humboldt  added  to  the  facts  in  his  Personal  Narrative,  &c. ;  but 
nowhere,  not  even  in  '  Cosmos,*  does  he  show  that  he  had  any  clear 
notion  of  what  is  the  nature  of  Earthquake  motion — or  how  produced. 
In  1835,  the  Compte  Bylandt  de  Palstercamp,  in  an  extremely  curious 
though  wild  and  imaginative  work,  ''La  Th^orie  des  Yolcans," 
attempts  to  build  up  a  sort  of  Cosmogony  from  considerations  of  the 
relations  and  reactions  on  our  Planet,  of  light,  heat,  electricity,  &c.,  &c. 
— from  these  come  Volcanoes,  and  from  the  latter  Earthquakes. 
Truth  and  quasi-truth  are  wildly  and  incoherently  mixed  in  his  book. 
Shocks  or^  blows  produced  by  and  transmitted  through  camiies^  lifted 
up  and  down  by  sudden  filling  or  emptying  of  aeriform  fluids,  form 
Bylandt*s  shocl^ — and  starting  from  the  following  extraordinary  pro- 
positions, "  les  effets  des  tremblements  de  terre  sent  toujours  con- 
tradictoires  aux  causes  qui  les  produisent  et  diriges  dans  le  sens 
inverse,'* — "  Teflet  sera  celui  d*un  pendule,  c'est-a-dire  contradictoire 
entre  les  deux  extr^mit^s,*'  he  arrives  at  the  trvLe  conclusion,  that 
bodies  overthrown  at  opposite  sides  of  a  seismic  focus  will  aU  fall 
towards  it,  but  in  opposite  directions  to  the  shock  and  to  each  other. 
We  now  know  that  this  is  only  true  if  the  bodies  fall  in  the  first 
semiphase  of  the  wave.  Had  Bylandt  followed  this  out,  and  curbed 
his  tendency  to  mysticism,  he  would  in  all  probability  have  been  the 
creator  of  Seismology, — the  true  discoverer  of  Earthquake  dynamics 
it  was,  he  missed  the  prize. 
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Between  1820  and  1841,  Yon  Hoff,  Eries,  Hof&nann,  and  one  or 
two  others,  bad  laboriously  collected  and  digested  into  order  a  large 
mass  of  facts,  or  reputed  facts,  of  Earthquakes,  and  to  the  first  belongs 
the  credit  of  haying,  in  a  masterly  discussion,*  shown  what  are  the 
relations  (so  fiur  as  then  known)  between  Meteorological  and  Earth- 
quake Phenomena — and  pointed  out,  that  all  the  supposed  meteoro- 
logical presages  were  devoid  of  reality,  and  that  Earthquakes  belong 
to  Physics  and  Geology  and  not  to  Meteorology. 

But  none  of  these  men  made  the  slightest  advance  towards  a 
physical  theory  of  Earthquake  motions.  The  only  true  hint  even, 
that  was  to  be  found  before  1846,  as  to  the  true  nature  of  the  Earth- 
quake motion,  is  found  in  a  paper  on  Volcanoes,  by  Gay  Lussac,  in 
tiie  '  Ann.  de  Chim./  vol.  xxii.  p.  429,  who  quotes  from  Dr.  Young's 
Lectures,  and  concurs  in  his  opinion,  that  *'  Earthquakes  were  of  the 
nature  of  vibrations  in  solids."  Even  Darwin — ^who  of  all  men  had  had 
the  finest  opportunity  of  seeing  the  effects  of  Earthquake  on  the  most 
extensive  scale  in  South  America — rendered  no  better  account  of  the 
then  accepted  Vorticose  displacement  of  objects,  than  by  asking,  *'  Might 
it  not  be  caused  by  a  tendency  in  each  stone  to  arrange  itself  in  some 
particular  position  with  respect  to  the  lines  of  vibration,  in  a  manner 
somewhat  similar  to  pins  on  a  sheet  of  paper  when  shaken  ?  *' 

He,  too,  like  Parish,  had  recorded  the  circumstances  of  the  great 
sea-waves  tiiat  roll  in,  after  South  American  and  other  Earthquakes,  but 
neither  rendered  any  solution  of  the  facts.  Nor  was  an  attempt  made 
by  anyone,  as  yet,  to  connect  these  sea-waves  and  the  sounds  heard  in 
great  Earthquakes  with  the  other  parts  of  the  phenomena. 

A  considerable  advance  had  been  made  in  a  branch  of  science 
apparently  remote  Enough  from  Earthquakes,  which,  however,  greatly 
prepared  the  way  for  solving  one  part  of  their  true  history.  The 
brothers  Weber,  in  Grermany,  and  Scott  Russell  after  them,  in  England, 
had  experimentally  developed  the  science  of  certain  classes  of  liquid 
waves ;  and  the  latter  had,  in  1844,  shown  the  laws  of  propagation 
of  one  class  of  these,  viz,  waves  of  translation. 

In  February,  1846,  a  paper  was  read  to  the  Boyal  Irish  Academy, 
and  then  published  in  its  Transactions,  vol.  xxi.  part  1,  '*  On  the 
Dynamics  of  Earthquakes,"  which  (we  quote  the  words  of  the  Presi- 
dent, Dr.  Chas.  Graves,  on  presenting  die  Cunningham  medal)  fixed 
upon  an  immutable  basis  the  real  nature  of  Earthquake  phepomena, 
and,  for  the  first  time,  showed  that  the  three  great  classes  of  phenomena 
— 1,  Shocks ;  2,  Sounds ;  3,  Great  Sea  Waves — were  all  reducible  to 
a  common  origin,  and  formed  parts  of  a  connected  train,  and  .were 
explicable  upon  admitted  laws.  This  paper  also,  for  the  first  time, 
explained  the  true  nature  of  the  movements  that  had  been  called 
"  vorticose,"  and  viewed  as  proofs  of  circular  movements,  by  showing 
that  they  were  the  result  of  rectilinear  motions. 

It  also  pointed  out  the  important  uses  that  might  be  made  of  Earth- 
quakes, as  instruments  of  cosmical  research,  enabling  us  not  only  to 
discover  the  depth  beneath  the  surfiEUse  of  the  origin  of  these  shocks, 
and  hence  of  volcanic  foci,  but  ultimately  of  ascertaining  the  nature, 

*  Geschichte  der  natdrlicheu  Vfinnderangen  der  Erdoberflache. 
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as  well  as  the  temperatnre,  of  the  formations  within  onr  earth,  to  a  depth 
far  more  profound  than  can  be  reached  by  any  other  mode  of  investi* 
gation,  or  directly  ever  reached  at  all,  and  that  by  its  means,  we  may 
acquire  some  knowledge  of  the  formations  constituting  the  beds,  or 
situated  even  fax  bene»fch  the  beds,  of  the  great  oceans.  These  are,  in 
&ct,  the  great  aims  of  Seismology,  for  the  investigation  of  Earthqui^es 
is  only  a  means  to  an  end. 

This  paper  drew  the  attention  of  phjrsicists  and  geologists,  in  a 
prominent  manner,  to  the  subject  of  Earthquakes,  and  was  followed 
by  several  reports  drawn  up  by  desire  of  the  British  Association,  and 
published  in  its  volumes ;  and  also  by  the  laborious  task  completed 
in  1858,  of  drawing  up  and  discussing  the  '  British  Association  Earth- 
quake Catalogue.'  For  this  large  body  of  seismic  statistics,  embracing 
cJl  historic  time  and  the  whole  earth's  surface,  and  numbering  more 
than  6,000  Earthquakes,  the  groundwork  had  be^  laid  by  the  immense 
and  valued  labours  in  the  same  direction  of  Yon  Hofi^  and  of  H.  Perrey 
of  the  Faculty  of  Sciences  of  Dijon,  whose  life  has  been  devoted  to 
this  branch  of  the  subject,  and  whose  labours  are  still  continued  with 
the  enthusiasm  and  success  of  his  early  youth. 

Since  1846,  the  experimental  method  has  been  brou^t  to  bear 
upon  the  subject ;  and  the  observations  made  on  natural  shocks  have 
been  compared  with  those  of  Earthquakes  artificially  produced.  And 
now  Seismology  has  taken  an  acknowledged  place  as  an  important  and 
productive  branch  of  Oosmical  Physics,  and  already  some  able  men  in 
different  quarters  of  Europe  are  pursuing  its  study.  Amongst  those 
who  have  most,  and  most  recently,  advanced  our  knowledge,  are 
Haughton,  Favre,  Schmidt,  Jeittelles,  Otto  Wolger,  and  Eluge.  But 
we  have  now  brought  the  history  of  discovery  in  ^ismology  to  such  a 
point,  that  its  further  development  will  best  merge  into  the  remarks  to 
follow,  upon  the  doctrines  and  facts  of  the  Science  itself. 

Beourring  now  to  the  definition  already  given  of  an  Earthquake, 
we  will  clear  our  ideas  as  to  what  it  means.  The  shock  is  produced  by 
a  wave  of  elastic  compression  passing  through  some  portion  of  the 
substance  of  our  earth.  Elasticity  is  that  property  in  matter  which 
tends  to  the  restoration  of  figure  in  solids,  and  of  volume  in  liquids 
and  gases,  when  altered  by  an  extraneous  force ;  and  every  different 
substance  has  its  own  co-efficient  (or  measure)  of  elasticity  of  volume 
(cubic  elasticity),  and  of  elasticity  of  form  (linear  elasticity^. 

In  common  parlance,  it  is  often  confounded  with  flexibihty.  Thus, 
when  people  praise  the  springs  of  an  easy-going  carriage  by  saying, 
**  they  are  so  elastic,"  they  mean  they  are  so  flexible.  Elasticity  and 
flexibility  are,  in  fcust,  opposites  in  some  respects,  A  perfectly  elastic 
solid  is  one  that,  after  forcible  alteration  of  figure  completely  restores 
itself;  if  perfectly  flexible,  it  would  not  restore  itself  at  all,  and 
might  be  bent  to  any  extent  without  disruption.  No  such  bodies 
exist  in  nature.  All  terrestrial  materials  present  variable  combi- 
nations of  elasticity  and  flexibility,  neither  being  perfect.  Thus, 
Glass,  Ivory,  Agate,  and  Hard  Steel  are  highly  elastic  bodies,  but  very 
slightly  flexible.    They  break,  as  we  all  know,  if  but  slightly  bent,  or 
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when  strack  sharply  a  blow  which  bends  them  saddenly,  but  they 
almost  perfectly  resume  their  forms  after  being  released  £rom  an  inflect- 
ing force. 

On  the  other  hand,  India-rubber,  Animal  Jelly,  and  Whalebone, 
possess  a  wide  range,  both  of  flexibility  and  of  elasticity.  They  recoyer 
their  forms  after  gieat  distortion,  but  not  so  perfectly  as  more  rigid 
bodies.  The  elasUc  Umii — that  is,  the  extent  to  which  their  particles 
may  be  relatively  displaced  without  fracture  or  other  permanent  alter- 
ation, is  much  greater  in  these  latter,  than  in  the  former  class  of 
bodies. 

But  we  find  also  bodies  which,  like  dough,  or  tempered  potter's 
day,  are  extremely  flexible,  and  exhibit  hardly  any  tendency  to  resume 
their  forms  when  these  have  been  forcibly  altered. 

All  these  are  solids,  t.  e.  more  or  less  rigid  bodies,  but  liquids  and 
gases  are  also  elastic ;  liquids  do  but  very  ^ghtly — gases  not  at  all — 
resist  change  of  figure,  but  they  powerfully  resist  change  of  volume ; 
and  when  £is  is  altereil  by  compression,  it  is  restored  by  elasticity. 
Thus  a  cannon-shot  that  strikes  the  surfiice  of  the  sea  rises  and  rico- 
chets in  virtue  of,  its  own  elasticity  and  that  of  the  water,  from  which 
it  rebounds  much  further  than  from  a  bed  of  solid  clay  or  of  sand ; 
but  the  range  of  the  elasticity  in  volume,  of  liquids,  is  extremely  small 
— so  little,  that  [if  the  weight  of  our  atmosphere  pressing  upon  the 
ocean  were  doubled,  it  would  only  squeeze  about  every  million  and 
forty-five  cubic  yards  of  water  into  a  million.  Gases,  on  the  contrary, 
as  we  all  know,  are  largely  compressible,  and  perfectly  restore  them- 
selves to  their  original  volume ;  of  this  the  air-gun  affords  an  instance 
fiMnilmip  to  everyone. 

Solid  bodies  may  be  deformed  hy  flexure^  as  when  a  carriage-spring 
is  bent ;  by  extensum,  as  when  we  pull  a  cord  or  wire  endwise ;  or  by 
compresnoUf  as  when  a  load  is  laid  on  the  summit  of  a  column ;  or  any 
combination  of  these  may  occur  by  the  application  of  partial  forces  to 
their  forms.  But  further,  solids  may  be  either  homogeneous  or 
heterogeneous,  made  up  of  different  particles,  or  of  particles  having 
different  elasticities  in  different  directions.  Thus,  certain  crystals 
have  different  elastic  co-effLcients  in  three  different  axes ;  and 
pseudo-crystalline  bodies,  such  as  the  laminated  slate  of  North 
Wales,  or  closely  stratified  rocks,  have  very  different  degrees  of 
elasticity  parallel  to  and  transverse  to  the  lamina,  or  to  the  strata, 
respectively. 

It  is  in  virtue  of  this  restorative  force  of  elasticity,  that  when- 
ever a  blow  or  pressure  of  any  sort  is  mtddefdy  applied,  or  a  previously 
applied,  steady  or  slowly  variable  force,  is  middenly  increased  upon 
or  relaxed  from,  any  material  substance,  then  a  puhe  or  wave  of 
force,  originated  by  such  an  trnpuZta,  is  transmitted  through  the  ma- 
terial acted  on,  in  all  directions  from  (he  origin  or  cenire  of  imptdsey 
or  in  such  directions  as  the  limits  of  the  material  permit.  The 
transfer  through  the  material,  or  the  transit  of  such  an.  elastic  wave, 
is  merely  the  continuous  forward  movement  of  the  original  change  in 
the  relative  positions  of  the  particles  of  part  of  the  elaistic  mass  pro- 
duced by  the  extraneous  force  or  blow^ — a  relative  displacement  and 
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replacement  of  those  particles  within  a  determinate  Yolnme  of  the 
material^  transferred  through  and  affecting  in  succession,  the  whole 
mass. 

The  shaking  of  the  ground  hy  the  rolling  of  carriages,  beating 
their  wheels  upon  the  paving-stones  in  the  streets  of  cities,  and  the  still 
more  perceptible  rocking  of  the  ground  beneath  our  feet  as  we  stand 
near  a  heavy  railway  train  at  speed,  are  examples  of  such  waves 
in  solids. 

The  ordinary  sounds  we  hear,  are  examples  of  like  waves  in 
air ;  and  the  noise  of  the  grating  and  rolling  pebbles  moved  by  the 
waves  as  they  approach  the  shore  on  which  we  stand,  is  an  instance  of 
such  waves,  transmitted  from  the  mutually  struck  pebbles  to  the  water, 
and  through  the  water  to  the  air,  by  which  it  reaches  our  hearing 
organs.  While  the  shock  or  jar  felt  in  a  boat  floating  at  some 
distance  from  a  blast  exploded  at  the  bottom  of  the  sea,  is  a  case  of 
such  an  elastic  wave,  originated  by  the  blow  of  the  powder,  and  trans- 
mitted directly  to  and  through  the  water  and  the  boat,  to  our  bodies. 

Now  the  velocity  with  which  such  a  wave-form  taravels,  varies  in 
different  materials,  and  if  these  be  homogeneous,  depends  for  any  given 
substance,  principally  upon  its  specific  degree  of  elasticity — technically 
called  its  dasiic  modulus,  and  upon  its  density,  upon  which  its  mass 
and  inertia  are  dependent  in  a  given  volume.  The  rate  at  which  the 
wave-form,  i.e,  the  whole  group  of  displacing  and  replacing  particles 
in  simultaneous  movement,  is  transmitted  in  any  particular  substance, 
is  called  its  transit  period. 

This  period  is  constant  (always  the  same)  for  the  same  material, 
under  the  same  conditions  as  to  temperatiure,  molecular  state,  &c., 
and  for  small  originating  impulses  is  irrespective  of  the  amount  or 
kind  of  the  original  impulse  which  produced  the  wave.  Experiments 
conducted  witlun  a  few  years  past  at  Holyhead,  as  to  the  time  that 
the  wave  or  shock,  transmitted  through  the  Quartz  and  Slate  Bocks 
there,  took  to  traverse  a  measured  mile  of  rock,  from  the  moment  of 
production  by  certain  of  the  explosions  of  the  great  mines,  employed 
in  the  adjacent  Grovemment  Quarries,  which  vary  from  less  than  a  ton 
up  to  six  or  seven  tons  of  powder  fired  at  once,  appear  to  indicate  that 
in  elastic  waves  of  this  great  magnitude  and  transmitted  through  hete- 
rogeneous material,  t.  e.  laminated,  contorted,  and  shattered  rocks  of 
various  degrees  of  hardness,  density,  and  elasticity ;  the  transit  period 
is  not  independent  of  the  amount  of  the  original  impulse,  but  that  the 
larger  this  is — and  the  greater  consequently  the  original  magnitude  of 
the  wave — the  less  (in  some  ratio)  is  the  time  of  the  transit  period ; 
in  other  words,  the  faster  the  wave  travels. 

In  air,  the  transfer  of  this  elastic  wave,  which  is  identical  with 
that  of  soundy  has  a  velocity  of  about  1,140  feet  per  second.  In  water, 
the  transit  period  is  about  4,700  feet  per  second ;  and  in  hard  crys- 
tallized rocks,  such  as  porphyry  or  granite,  if  they  were  perfectly 
solid  and  homogeneous,  it  would  be  from  5,000  to  10,000,  while  in  iron 
and  steel  it  reaches  11,000  or  12,000  feet  per  second.  An  enormous 
retardation  of  this  traxisit  velocity  occurs  however  when  the  material 
through  which  the  wave  passes  is  heterogeneous,   broken  up  and 
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shattered.  When  first  it  was  pointed  out  that  an  Earthquake  shock 
was  an  elastic  wave,  it  appeared,  upon  physical  grounds,  that  the 
rate  at  which  the  shock  having  reached  one  place  on  the  earth's  sur- 
face, would  pass  on  to  another  beyond,  must  be  something  nearly 
as  great  as  that  theoretically  due  to  the  elasticity  and  density  of 
the  rocks  beneath,  that  is  to  say,  often  as  much  as  8,000  or  10,000 
feet  per  second.  This  was  submitted  to  experiment ;  granite  rock, 
highly  elastic  and  dense,  ought  to  transmit  a  shock  wave  nearly  as 
&st  as  any  rocky  or  other  material  forming  part  of  our  globe,  and  wet 
sand  ought  to  transmit  it  almost  at  the  extreme  limit  of  slowness. 

More  than  a  mile  of  wet  uniform  sand  was  measured  carefully  upon 
the  shore  of  Eilliney  Bay,  in  Ireland,  and  seyeral  hundred  feet  in  the 
granite  of  Dalkey  Island  adjacent.  At  one  end  of  each  of  these 
ranges,  respectively,  small  Earthquakes  were  made  by  exploding 
galvanically,  casks  of  gunpowder  buried  in  the  sand,  and  blasts  sunk 
in  large  cylindrical  holes  sprung  in  the  granite,  special  means 
being  devised  for  determining  the  time  of  transit,  and  accurate 
enough  to  measure  time  to  less  than  the  five-thousandth  of  a  second  ; 
the  time-measuring  apparatus  being  set  in  motion,  and  stopped  by 
the  same  galvanic  apparatus  that  fired  the  powder  a  mile  or  more 
away.  An  instrument,  called  a  Seismoscope,  was  also  devised  and 
employed,  by  which  tiie  arrival  of  the  wave  of  impulse  transmitted 
from  the  powder  exploded  at  the  remote  end,  should  be  rendered 
visible  to  the  eye,  through  the  disturbance  of  a  telescopic  image, 
reflected  in  the  Hquid  mirror  of  a  small  trough  full  of  quicksilver, 
which  was  caused  to  undulate  and  flicker  by  the  momentary  tremor 
of  the  ground  beneath  it.  The  sensibility  of  this  instrument  was 
80  great  that  a  horse  trotting  on  the  sand  half-a-mile  away  was  visibly 
seen  to  shake  the  ground,  and  a  stamp  of  the  foot  or  tap  of  a  hammer 
on  a  large  stone  several  hundred  feet  away,  produced  visible  dis- 
turbance.    This  instrument  was  also  employed  at  Holyhead. 

The  results  of  these  experiments  caused  some  surprise  amongst 
physical  philosophers,  for  in  place  of  the  enormous  rates  of  transit 
that  were  eiqpected,  it  was  ascertained  that  the  mean  rates  of  wave  pro- 
pagation were  only  as  follows  in  the  respective  media,  viz. : 

In  the  most  solid  Granite   ....  1664*574  feet  per  uecond. 

In  shattered-like  Granite    ....  1306*425 
In  contorted  and  stratified  Bock  (Quartz  and 

Slate) 1088*559 

In  wet  sand 824*915        „         » 

The  retardation  is  due  to  the  discontinuity  of  the  rocks,  the  mass  of 
every  known  rock  being  broken  up  by  joints  and  fissures,  at  each  of 
which  there  is  a  loss  of  vw  tnra,  and  a  loss  of  time  in  the  transmis- 
sion of  the  wave.  The  accuracy  of  these  results,  at  first  received 
with  some  just  reserve,  has  since  been  amply  confirmed  by  observations 
and  calculations  of  the  actual  transit  periods  of  Natural  Earthquake 
waves,  occurring  in  the  Rhine  Provinces,  Hungary,  and  Southern  Italy, 
which  are  found  closely  to  co-ordinate  with  those  of  experiment. 

It  was  ascertained  that  in  the  contorted  heterogeneous  and  shat- 
tered rocks  of  Holyhead,  no  less  than  seven-eigUha  of  the  total  theoretic 
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Telocity  of  transit  due  to  the  elasticity  of  the  rocks,  which  was  also 
experimentally  obtained,  was  extinguished  thus  by  their  want  of  con- 
tinuity, &c. 

Now,  from  these  different  rates  of  wave  transit  in  diverse  materials, 
it  results  that  if  an  impulse  be  given  at  a  single  point,  it  may  be  per- 
ceptible several  times  in  succession  by  a  person  so  situated  as  to  re- 
ceive it  through  different  media. 

Let,  for  example,  one  stand  near  a  line  of  railway,  and  a  heavy  blow 
be  delivered  upon  the  iron  rail ;  it  will  be  heard  first,  through  the  iron 
rail ;  almost  directly  afterwards  a  second  sound  will  be  heard  through 
the  air ;  and  almost  at  the  same  time  the  person  will  feel  the  pulse  of 
the  blow  reach  his  feet  through  the  ground.  While,  if  another  person 
had  his  head  immersed  in  the  water  filling  a  side  drain  along  the  line, 
he  would  have  heard  the  sound  through  the  liquid  at  a  moment  dif- 
ferent from  the  arrival  of  any  of  the  other  waves. 

Such  waves,  only  on  a  larger  scale,  constitute  an  Earthquake  shock. 

An  originating  impulse  (something  of  the  nature  of  -a  hloio,  or  hav- 
ing the  effects  of  one)  there  must  be  for  every  shock,  bat  we  are  not  here 
concerned  with  the  source  from  which  that  impulse  may  be  produced. 
It  may  bo  an  explosive  production  or  condensation  of  high-pressure 
steam  in  heated  cavities,  deep  beneath  the  surface,  or  sudden  increase 
or  decrease  of  its  tension,  or  sudden  fracture  or  fall,  or  forcing  up  or 
down  or  against  each  other  of  great  rocky  masses,  or  if  (in  near  pro- 
pinquity to  active  volcanoes),  it  may  be  any  of  their  throbs  or  throes, 
or  explosive  ejections,  or  the  recoil  from  these ;  it  matters  not  as 
respects  the  physical  theory  of  Earthquake-motion,  and  the  expla- 
nation this  renders  of  Earthquake-phenomena,  what  or  which  or 
whether  any  of  these  be  the  cause  of  the  blow,  so  long  as  some  sort  of 
impulse  be  given,  and  the  seat  of  this  be  more  or  less  deep  beneath 
the  earth. 

Then  in  all  directions  outwards  from  this  centre  of  impulse,  there 
will  be  transmitted  an  elastic  wave.  The  form  of  the  wave,  if  origi- 
nated at  one  point,  would  be  that  of  a  spherical  shell  concentric  with 
the  centre  of  impulse,  if  the  medium  were  quite  homogeneous ;  but 
in  nature,  the  wave  assumes  ellipsoidal  and  various  other  more  com- 
plex forms,  and  rapidly 'gets  broken  up  into  smaller  and  still  more 
complex  waves,  by  dispersion,  by  interference,  refraction  and  reflec- 
tion, in  consequence  of  the  shattered  and  varying  nature  of  all  the 
superficial  formations  through  which  it  is  transmitted. 

The  wave  starts  from  the  origin  with  one  normal  and  two  trans- 
versal vibrations,  t.  e,  every  particle  vibrates  not  only  to  and  fro, 
in  the  radial  direction  from  the  centre,  but  also  at  right  angles  to  this, 
in  two  directions  at  once.  The  former  is  the  larger  vibration  and  the 
more  important  to  attend  to,  so  that  we  may  o^n,  in  investigating 
Earthquake-phenomena,  altogether  pass  over  the  transversals.  These 
vibrations  constitute  the  proper  motion  of  the  wave  as  contradistin- 
guished from  its  motion  in  transit. 

A  plumb  line  passing  from  above  the  surface  of  the  earth  and 
through  the  centre  of  impulse  is  called  The  Seismic  Vertical,  The 
wave  or  shock  passing  outwards  from  this  centre,  reaches  the  earth*s 
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sxirface  vertically,  and  soonest  in  this  Vertical,  which  is  the  shortest 
distance  between  any  point  below  and  the  surface,  and  here  it  only 
produces  (neglecting  transversals)  a  rapid  movement  up  and  dpwn. 
The  surface  of  the  ground  actually  rises  and  sinks  again  to  its  pre- 
vious place,  with  great  rapidity,  and  through  a  range  that  may  be 
several  inches  or  perhaps  feet,  dependent  on  how  great  and  how  near 
the  blow  is  given  below,  and  what  is  the  intervening  material. 

For  all  points  around  the  Seismic  Vertical,  the  wave  emerges  at 
slopes,  called  emergent  angles,  which  become  more  and  more  nearly 
horizontal  as  the  distance  on  the  surface  is  greater.  The  spheric^ 
or  quasi-spherical  shell  wave-form  at  any  given  distance  outwards 
when  cut  by  the  earth's  surface,  intersects  it  as  a  closed  curve,  more 
or  less  circular,  elliptic,  or  oval,  and  the  crest,  so  to  say,  of  this  surface- 
wave,  called  a  coseismal  line,  because  all  bodies  situated  in  it  are 
shaken  at  the  same  instant,  travels  along  the  surface  of  the  earth  with 
a  real,  though  not  large,  and  with  a  constantly  diminishing  undvlaiion, 
like  a  roller  at  sea,  constantly  enlarging  the  curvilinear  area  within  it ; 
and  as  it  passes  outward,  objects  in  succession  are  disturbed  or 
overthrown,  7M)/  by  the  transit  of  the  wave-form,  htit  by  the  Moave  itself, 
that  is,  by  the  movement  of  the  particles  in  motion  in  the  wave. 

There  is  a  certain  distance  outward  upon  the  earth's  surface,  all 
round  the  Seismic  Vertical,  at  which  it  may  be  proved  that  the  over- 
throwing power  of  the  shock  is  a  maximum,  greater  than  anywhere, 
within  or  without  it — within,  because  there  the  direction  of  normal 
movement  in  the  wave  is  more  nearly  vertical,  and  hence  less  calcu- 
ated  to  upset  objects  standing  on  the  ground — and  without,  because 
the  further  the  shock  has  travelled  away  from  the  Seismic  vertical, 
the  more  its  power  (to  speak  loosely)  has  decayed.  This  is  the 
Meizoseismal  circle  or  curve.  The  angle  made  with  the  Seismic  vertical 
bj  a  line  drawn  from  any  point  in  this  curve  at  the  surface  down  to 
the  centre  of  impulse,  is  for  the  same  conditions  constant. 

If  the  impulse  or  blow  has  been  accompanied  by  rending  or  frac- 
ture, or  the  striking  or  grinding  together  of  hard  or  rocky  masses,  or 
by  the  rush  of  vapours  or  gases,  then  the  wave  of  shock  will  be  accom- 
panied by  waves  of  sound.  But  these  latter  may  or  may  not  travel  just 
at  the  same  rate,  or  by  quite  the  same  wave-paths  to  the  ear  of  a 
person  upon  the  surface,  as  does  that  of  the  i^ock  which  he  feels. 
Hence  there  may  be  Earthquake  shocks,  with  or  without  sounds,  and 
the  shock  may  be  perceived  before  any  sound  is  heard,  or  the  sounds 
may  precede  and  herald  the  shock,  as  the  awM  *'  hramidos  "  generally 
do  the  Earthquakes  of  Mexico. 

But  to  hearers  remote  firom  the  Seismic  vertical,  the  sounds,  if  any, 
will  reach  their  ears  not  only  through  the  earth,  but  through  a  longer 
or  shorter  intervening  range  of  air,  and  hence  at  very  different  times 
and  with  very  different  amounts  of  repercussion  and  reverberation, 
although  originating  in  one  sound  only,  as  of  a  single  rend,  or  grind, 
or  explosion. 

A  remarkable  use  has  been  made,  for  the  first  time,  of  the  differences 
in  the  character  of  the  sotmds  heard  nearly  simultaneously,  and  at 
about  equal  distances  all  roxmd  the  Seismic  vertical,  in  the  Report 
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addresBed  to  the  Royal  Society  of  the  examination  made  on  the  facts 
of  the  Neapolitan  Earthquake  of  1857,  by  employing  them  to  deter- 
mine approximately  from  their  varying  character  the  form  of  the  focal 
surface  or  cavity,  or  of  the  subterranean  locus  of  the  centre  of  effort, 
— and  the  method  will  no  doubt  hereafter,  when  more  largely  and 
completely  applied,  yield  very  important  results.  Space  forbids  us, 
however,  here  to  do  more  than  mention  it,  and  refer  to  the  Report  in 
question. 

These,  then,  are  the  waves  produced  by  a  single  impulse,  and  con- 
stituting an  Earthquake  whose  origin  is  inland.  But  should  the  origin 
be  under  the  sea,  then  at  the  point  passed  through  by  the  Seismic  ver- 
tical and  around  it,  the  sea-bottom  is,  as  on  land,  suddenly  upheaved, 
and  again  dropped  down ;  or  it  may  be,  as  by  submarine  volcano, 
actually  broken  up  altogether,  and  steam,  lava,  and  floods  of  lapilli, 
and  so  forth,  may  be  then  belched  forth  under  water.  In  either  case 
there  is  forced  up  a  volume  of  water  upon  the  sea's  surface  just 
above,  or  several  of  these  in  succession,  and  as  each  mass  falls  again 
it  assumes  the  horizontal  form  of  a  circular  liquid  wave  of  trans- 
lation— and  these  are  propagated  outwards  over  the  surface  of  the  sea, 
like  the  circles  or  ring-shaped  waves  on  a  pond,  when  a  pebble  is 
dropped  into  it.  The  altitude  and  breadth  of  these  waves  depend 
mainly  upon  the  magnitude  of  the  disturbance  of  the  bottom,  and  on 
the  depth  of  water  above  it ;  the  rate  of  their  propagation  outwards 
has  nothing  to  do  directly  with  elasticity,  it  is  dependent  simply 
upon  the  square  root  of  the  depth  of  the  water  traversed  by  the  wave 
on  its  surfiokoe.  If  the  ocean  continued  everywhere  of  the  same  depth, 
and  the  original  impulse  came  from  a  single  point,  or  circular  disc, 
then  the  horizontal  plan  of  the  crest  of  any  one  of  these  waves  would 
always  remain  a  circle  ;  but  the  depth  varies — and  as  that  part  of 
the  expanded  circle  which  is  over  a  deeper  part  moves  on  much  fester 
than  portions  moving  over  shallow  water,  or  approaching  shores — so 
the  circles  soon  get  distorted  into  various  other  closed  curves,  and  the 
original  radial  direction  of  translation  outwards  gets  changed  to  any 
extent-— so  that  a  wave  might,  without  any  reflection,  even  double  back 
upon  its  original  line  of  progress. 

When  the  long  flat  swell  of  such  waves,  as  they  are  originated  on 
the  deep  sea,  approaches  the  shores  and  reaches  shoal  water,  their 
fronts  become  steeper  and  steeper,  and  they  Anally  roll  in  upon  the 
diore,  as  the  grea^  sea- waves  of  South  American  and  other  Earthquakes, 
so  much  dreaded  wherever  thay  have  been  once  experienced.  They 
are  often  so  large  that  they  only  topple  over  as  breakers  after  they 
Jbave  rolled  in  unbroken  masses  far  inland. 

Such  was  the  wave  that  swept,  in  one  unexpected  deluge,  thousands 
of  people  off  the  Quay  at  Messina,  and  which  in  some  South  American 
Earthquakes  have  inundated  devoted  cities  like  Valparaiso  and  Callao, 
with  a  frowning  crest  80  feet  in  height.  Not  that  the  wave  while 
it  was  far  out  at  sea  possessed  anything  like  this  altitude, — but  just  as 
the  Atlantic  tide  wave, — when  constricted  in  the  Bay  of  Fundy,  or 
in  our  own  Bristol  Channel  reaches  70  or  40  feet ;  so  does  the  Earth- 
quake sea-wave  rise  and  get  steep  in  the  narrow  and  shallow  waters. 
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Thus,  we  see  that  in  an  Earthquake  whose  origin  is  beneath  the 
sea,  there  may  be  a  series  of  wayes,  all  arriving  in  tiie  following  order, 
differently,  and  at  different  times,  to  an  observer  standing  on  the  land. 

1st.  The  great  Earthquake  wave  of  shock. 

2nd.  The  forced  sea-wave  (of  which  we  have  as  yet  not  spoken);  it  is 
the  roll  of  water  forced  up  by,  and  carried  along  with,  the  earth-wave, 
which  raises  the  sea-bottom,  and  with  it  the  water  upon  its  back  as  it 
were,  and  at  its  own  rate  of  motion,  after  it  has  got  into  shallow  water. 
This  is  but  occasionally  perceptible,  and  only  in  great  Earthquakes. 

3rd.  The  soimd-wave  through  the  earth,  which  may  or  may  not  be 
before. 

4th.  The  sound-wave  through  the  sea. 

5ih.  The  sound-wave  through  the  air. 

All  these  except  the  second  are  elastic  waves. 

6th,  and  lastly.  The  great  sea-wave,  or  wave  of  translation,  rolls  in 
and  completes  the  catastrophe,  often  hours  after  the  shock  has  done  its 
work  of  destruction  ;  or  portions  of  it  may  roll  in  upon  shores  that 
have  felt  no  shock  at  all.  Thus  in  the  great  Earthquake  at  Japan, 
which  a  few  years  ago  wrecked  a  Eussian  frigate  in  one  of  the  harbours 
there,  the  great  sea-wave  produced  in  the  deep  seas,  near  those  great 
Islands,  hours  afterwards,  reached  the  opposite  shores  of  the  Pacific, 
at  St.  Diego  and  Francisco,  and  gave  the  first  intelligence  at  those 
places  of  the  disaster  that  had  occurred  at  the  further  side  of  that  great 
ocean. 

Space  forbids  us  now  to  pursue  the  subject  further.  At  some 
future  opportunity  we  may  be  enabled  to  revert  to  it ;  and  to  develope 
the  relations  between  the  movements  of  the  elastic -wave  particle  and 
the  wave's  transit  to  which  we  have  in  the  preceding  pages  almost 
confined  our  remarks.  It  remains  also  to  be  shown  by  what  methods 
the  position  and  depth,  and  even  the  form  and  magnitude  of  the 
deep-seated  focus  of  an  Earthquake,  may  be  ascertained  by  deciphering, 
with  the  help  of  science,  the  terrible  handwriting  left  by  the  destroyer 
upon  the  country  it  has  overthrown.  To  these  should  be  added  some 
description  of  tiie  secondary  effects  of  Earthquakes,  in  moulding  anew 
the  features  of  the  lands  they  pass  over,  and  how  those  affect  and 
modify  the  shocks  that  reach  them.  Something,  too,  might  be  said  as 
to  the  distribution  of  Earthquakes  in  time  and  in  space  upon  our 
Earth's  surfiEU^e ;  what  are  the  conditions  originating  within  our  planet ; 
the  impulses  on  which  their  existence  depends ;  and,  lastly,  what  is  the 
function  of  Earthquakes,  and  what  uses  they  ftilfil  as  parts  of  the  great 
cosmical  machine. 


70  Original  Articles,  .  [Jan. 

LIGHTHOUSE  ILLUMINATION  BY  MAGNETO- 
ELECTRICITY. 

By  J.  H.  Gladstonb,  Esq.,  Ph.D.,  F.R.S. 

Antoke  who,  on  a  tolerably  clear  night,  has  crossed  the  channel  be- 
tween Folkestone  and  Boulogne,  and  remained  on  deck,  must  have 
noticed  on  the  French  coast  what  appeared  a  brilliant  star,  now 
waxing,  now  waning.  It  was  the  light  of  the  feur-famed  Pharos,  on 
Cape  Grisnez.  But  if  he  has  made  the  passage  within  the  last 
eighteen  months,  his  gaze  will  have  been  attracted  by  a  still  brighter 
star  on  the  British  coast,  of  a  bluish  tint,  steady  and  brilliant. 
This  is  the  Magneto-electric  Light  at  Dungeness,  the  brightest  spark 
in  the  world,  and  one  which  imites  a  rare  scientific  with  a  practical 
interest,  and  may  prove  only  the  first  lighted  of  a  multitude  of  similar 
beacons.  I  propose  to  say  a  few  words  on  the  history,  production, 
and  merits  of  this  Light. 

HiSTOBT. — If  we  ask  the  parentage  of  the  Magneto-electric  Light, 
Mr.  Frederick  Hales  Holmes  is  certainly  its  father,  but,  like  o&er 
beings,  it  has  had  two  grandfathers — the  philosopher  who  first  showed 
the*  conducting  power  of  charcoal,  and  the  brilliancy  of  the  light 
between  charcoal  terminals  of  an  interrupted  galvanic  current ;  and 
Professor  Faraday,  who  discovered  that  when  a  piece  of  soft  iron, 
surrounded  by  a  coil  of  metallic  wire,  was  made  to  pass  by  the  poles 
of  a  magnet,  an  eloctric  current  was  produced  in  the  wire,  which 
revealed  its  existence  by  effecting  chemical  decompositions,  or  by 
giving  a  spark.  This  spark,  it  is  true,  was  barely  visible  as  at  first 
obtained,  but  it  has  been  exalted  into  the  present  Magneto-electric 
Light. 

It  appears  that  in  1853  some  large  Magneto-electiic  machines  were 
erected  in  Paris  for  producing  gas  by  the  decomposition  of  water, 
the  object  of  the  proprietor  being  to  use  this  gas  for  the  purposes  of 
combustion ;  but  the  scheme  failed,  the  Company  that  was  being 
formed  came  to  nothing,  and  the  machines  were  pronounced  by  leading 
scientific  men  to  be  only  expensive  toys.  Mr.  Holmes,  however,  who 
was  one  of  the  referees,  proposed  to  turn  them  to  account  for  electro- 
plating and  gilding,  and  thought  it  possible  that  the  Electric  Light 
might  be  produced  advantageously  by  their  means.  *<My  proposi- 
tions," he  says,  in  his  evidence  before  the  Boyal  Commission  on  Lights, 
Buoys,  and  Beacons,  *'  were  entirely  ridiculed,  and  the  consequence 
was,  that  instead  of  saying  that  I  thought  I  could  do  it,  I  promised 
to  do  it  by  a  certain  day.  On  that  day,  with  one  of  Duboscq*s  regu- 
lators or  lamps,  I  produced  the  Magneto-electric  Light  for  the  first  time, 
but  as  the  machines  were  iU-constmcted  for  the  purpose,  and  as  I  had 
considerable  difficulty  to  make  even  a  temporary  adjustment  to  produce 
a  fitting  current,  the  Light  could  only  be  exhibited  for  a  few  minutes  at 
a  time — say  ten  or  twenty  minutes — when  the  adjustments  were  entirely 
displaced  by  the  friction  ;  the  rubbing  surfaces  were  worn  away.  From 
this  time  I  directed  my  attention  more  particularly  to  the  reconstruc- 
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tion  of  the  machineB  entirely,  from  the  very  frame-work  upwards,  so 
as  to  produce  the  current  that  I  saw  necessary  for  the  Electric  Light." 
During  this  time,  it  appears  that  Mr.  Holmes,  not  liking  the  treatment 
he  received  from  the  French  Company,  left  Paris,  and  left  his  imper- 
fect machine  there,  and  it  was  this  very  machine  which  was  subse- 
quently used  by  the  French  Government  in  their  experiments,  and  these 
experiments  were  carried  on  by  a  man  who  had  worked  under  Mr. 
Holmes.  The  inventor  next  appears  in  Belgium,  continuing  his 
improvements  with  a  new  machine,  and  visited  by  Admiral  (then  Cap- 
tain) Fitzroy,  who  was  commissioned  by  the  Admiralty  to  go  to 
Brussels,  see  the  Light,  and  report  on  it.  In  February,  1857,  Professor 
Holmes  applied  to  the  Trinity  Board,  and  in  the  following  month  the 
Electric  Light  was  exhibited,  for  several  nights,  at  the  experimental  lan- 
tern* at  Blackwall,  before  the  Light  Committee  and  Professor  Faraday. 
Li  May,  an  agreement  was  made  for  a  trial  at  the  South  Foreland  ;  but  it 
was  not  till  the  8th  December  that  this  experiment  at  an  actual  light- 
house was  commenced.  The  Elder  Brethren  made  arrangements  for 
getting  observations  by  the  crews  of  pilot-cutters,  masters  of  light- 
vessels,  and  the  keepers  of  neighbouring  lighthouses,  both  on  the 
British  and  French  coasts.  Some  unforeseen  difficulties  seem  to  have 
arisen,  due  partly,  no  doubt,  to  the  novelty  of  the  whole  arrangement, 
but  partly  also  to  the  complicated  optical  apparatus  in  the  Lighthouse 
being  suited  to  a  large  flame  instead  of  a  brilliant  point  of  light,  and 
being  ill-adjusted  to  throw  that  light  to  the  horizon.  All  this  caused 
some  interruptions  in  the  experiment.  M.  Keynaud,  the  Director- 
Greneral  of  the  French  Lighthouses,  inspected  the  Light  on  April  26, 
1859  ;  it  was  visited  by  most  of  the  Members  of  the  Royal  Commission 
of  Lights,  Buoys,  and  Beacons,  including  myself,  three  days  afterwards, 
and  on  the  same  day  Professor  Faraday  wrote  a  Report  to  the  Trinity 
House.  The  opinions  expressed  were  so  far  favourable,  that  the  Elder 
Brethren  desired  a  further  trial  of  six  months,  during  which  time  the 
Light  was  to  be  entirely  under  their  own  control,  Mr.  Holmes  not 
being  allowed  to  interfere  in  any  way.  The  Light  was  again  kindled 
on  August  22,  and  the  experiment  happened  soon  to  be  exposed  to  a 
severe  test,  as  one  of  the  Light-keepers,  who  had  been  accustomed  to 
the  arrangement  of  the  lamps  in  the  lantern,  was  suddenly  removed, 
and  another  took  his  place  without  any  previous  instruction.^  This 
man  thought  the  light  quite  strong  enough  if  he  allowed  the  carbon 
points  to  touch,  as  the  lamp  then  required  no  attendance  whatever,  and 
he  could  leave  it  in  that  way  for  hours  together.  On  being  remon- 
strated with,  he  said,  "  It  is  quite  good  enough."  Notwithstanding 
such  difficulties  as  these,  the  experiment  was  considered  satisfactory, 
but  it  was  discontinued  at  the  South  Foreland,  for  the  cliffs  there  are 
marked  by  a  double  light,  and  the  electric  spark  was  so  much  brighter 
than  the  oil  flames  in  the  other  house,  that  there  was  no  small  danger 
of  its  being  seen  alone  in  thick  weather,  and  thus  fatally  misleading 
some  unfortunate  vessel. 

Then  occurred  a  period  of  two  years,  consumed  partly  in  coming 

*  The  room  with  glass  sides,  from  which  the  light  is  exhibited  at  the  top  of  a 
lighthouse,  is  called  a  "  lantero." 
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to  the  deciBion  that  the  Magno-eleetric  Light  was  to  be  exhibited  at 
Dungeness,  and  partly  in  fitting  up  the  lighthonse  there  (which  by  the 
way  had  been  cracked  by  lightning)  for  the  reception  of  its  new 
occupant. 

It  was  not  deemed  desirable  to  trust  the  illumination  of  that  head- 
land entirely  to  the  Electric  Light,  hence  the  old  apparatus  was 
retained,  and  the  oil-lamp  has  always  been  kept  ready  for  use  in  case 
of  necessity.  A  supplementary  lantern  was  therefore  constructed  on 
top  of  the  ordinary  one,  and  in  this  the  electric  lamp  was  fixed,  and 
surrotmded  by  a  small  combination  of  lenses  and  prisms  made 
expressly  for  it  by  Messrs.  Chance,  of  Birmingham.  Li  the  meantime 
Mr.  Holmes  had  considerably  improved  his  lamp  by  borrowing  an 
idea  from  an  arrangement  devised  by  a  M.  Serrin.  At  length,  in 
February,  1862,  this  lamp  was  lit  at  Dungeness,  but  it  was  extin- 
guished on  account  of  the  necessity  of  instructing  fresh  lighthouse 
keepers,  who  had  to  take  charge  of  the  apparatus,  and  it  was  not  till 
the  6th  of  June  that  the  brilliant  star  shone  permanently  on  our 
Southern  coast. 

In  the  meantime,  the  French  have  not  been  indifferent  or  idle. 
When  the  Boyal  Commission  visited  Paris,  the  Lighthouse  authorities 
were  found  experimenting  with  a  comparatively  small  machine,  and 
had  clearly  not  overcome  the  difficulty  of  maintaining  the  charcoal 
points  at  a  proper  distance.  But  they  persevered,  and  last  July  there 
was  published  in  the  '  Moniteur  Universer  a  Eeport  by  M.  Eeynaud 
to  the  Minister  of  Commerce  and  Public  Works,  in  which  he  expressed 
a  most  favourable  opinion  of  the  Electric  Light,  and  the  Minister  gave 
an  order  for  two  Electro-magnetic  machines  to  be  placed  in  the  double 
Lighthouse  of  the  Cap  de  la  Heve,  near  Havre.  Thus  France  is 
following  England  in  the  adoption  of  this  improvement  in  coast  lights, 
just  as,  years  ago,  Great  Britain  followed  France  in  the  use  of  the 
Dioptric  system  of  illumination. 

It  is  possible  that  some  other  nations  may  not  be  behind  the 
French.  The  Dutch  Government  contemplate  placing  an  Electric 
Light  at  Scheveningen,  and  a  second  one  at  Texel.  The  Lighthouse 
system  in  the  empire  of  Brazil  is  excellent,  and  they  have  long  had 
an  eye  on  the  Electric  Light.  Sweden  is  on  the  alert ;  and  inquiries 
also  have  been  made  respecting  its  management  and  cost  by  the  Impe- 
rial Academy  of  Vienna. 

Apparatus. — Many  readers  will  be  familiar  with  the  apparatus 
both  of  Mr.  Holmes  and  of  M.  Berlioz,  from  having  examined  them  at 
the  International  Exhibition  last  year.  It  would  be  very  dif&cult  to 
describe  them  without  drawings,  but  the  following  may  give  a 
sufficiently  good  general  idea.  In  the  apparatus  at  Dungeness,  the 
power  that  produces  the  light  is  resident  in  120  permanent  magnets, 
of  about  501bs.  each,  ranged  on  the  periphery  of  two  large  wheels. 
This  power  is  called  into  action  by  a  steam-engine,  witii  Cornish 
boilers,  of  about  three-horse  power,  which  causes  a  series  of  160  soft 
iron  cores  surrounded  by  coils  of  wire  to  rotate  post  the  magnets. 
The  small  streams  of  Electricity  thus  generated  are  collected  together 
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into  one  stream,  and  by  a  special  piece  of  apparatus  called  a  Com- 
mutator the  alternate  positiye  and  negative  currents  are  all  brought 
into  one  direction.  The  whole  power  is  then  conveyed  by  a  thick 
wire  from  the  engine-house  to  the  lighthouse  tower,  and  up  into  the 
centre  of  the  illuminating  apparatus.  There  it  passes  between  two 
charcoal  points,  producing  thus  a  most  brilliant  and  continuous  spark. 
The  "  Lamp,"  or  ''  Begulator,"  is  so  contrived  that  by  means  of  a 
balance  arrangement  and  a  magnet,  round  which  the  wire  coils,  the 
charcoal  points  are  kept  always  at  a  proper  distance  apart. 

At  sunset  the  machine  is  started,  making  about  100  revolutions 
per  minute ;  and  the  attendant  has  only  to  draw  two  bolts  in  the  lamp 
when  the  power  thus  spun  in  the  engine-room  bursts  into  light  of 
full  intensity.  It  now  requires  little  or  no  thought  for  three  hours 
and  a  half,  when  the  charcoal  points  being  consumed  the  lamp  must 
be  changed,  and  this  is  done  without  extinguishing  the  light,  for  it  is 
the  kindling  of  the  second  lamp  that  puts  out  the  first.  There  are 
always  several  lamps  ready  at  Dungeness  in  case  of  accident,  and 
everything  is  kept  in  duplicate. 

The  French  machine  is  composed  of  56  magnets  distributed  in 
7  vertical  equidistant  planes,  upon  the  angles  of  an  octagonal  prism. 
The  maximxun  of  intensity  is  obtained  when  the  machine  turns  350 
or  400  times  per  minute,  and  the  direction  of  the  current  is  then 
reversed  nearly  6,000  times  per  minute.  There  is  no  Commutator 
employed,  and  the  alternate  currents  are  not  brought  into  one. 

Merits  and  Demerits. — In  favour  of  the  Electric  Apparatus,  it 
may  be  stated  without  any  fear  of  contradiction  that  the  light  is  vastly 
more  intense  than  that  produced  from  the  most  powerful  oil-lamp,  or 
any  practicable  number  of  argand  burners.  In  truth  that  now  shining 
at  Dungeness  is  the  most  bnlliant  light  in  existence.  The  following 
statement  will  illustrate  this.  Professor  Faraday  says  of  it,  when  at  the 
South  Foreland,  **  During  the  daytime  I  compared  the  intensity  of  the 
light  with  that  of  the  sun,  that  is,  it  was  placed  before  and  by  the  side 
of  the  sun,  and  both  looked  at  through  dark  glasses ;  its  light  was  as 
bright  as  that  of  the  sun,  but  the  sun  was  not  at  its  brightest."  No 
other  light  in  existence  would  have  stood  tha^  test.  Again,  he 
describes  an  experiment  at  Dungeness : — "  Arrangements  were  made 
on  shore,  by  which  observations  could  be  made  at  sea  about  five  miles 
off  on  the  relative  light  of  the  Electric  lamp,  and  the  metallic  reflectors 
with  their  argand  oil  lamps — [the  light  formerly  used] — ^for  either 

could  be  shown  alone,  or  both  together The  combined  effect 

was  a  glorious  light  up  to  the  five  miles ;  then,  if  the  Electric  light 
was  extinguished,  there  was  a  great  fedling  off  in  the  effect ;  though, 
after  a  few  moments'  rest  to  the  eye,  it  was  seen  that  the  oil-lamps 
and  reflectors  were  in  their  good  and  proper  state.  On  the  other 
hand,  when  the  Electric  light  was  restored,  the  glory  rose  to  its  first 
high  condition.  Then,  whilst  both  were  in  action,  the  reflectors  were 
shaded,  and  the  Electric  light  left  alone ;  but  the  naked  e^-e  could 
see  no  sensible  diminution  ;  nor  when  the  reflectors  were  returned  into 
effectual  use,  could  it  see  any  sensible  addition  to  the  whole  light 
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power,  though  the  telescope  showed  that  the  alteration  in  the  lantern 
had  ti^en  place  at  the  right  time."  M.  Reynaud  estimates  the  usual 
intensity  of  the  light  at  from  180  to  190  standard  Carcel  burners. 

This  superiority  of  brightness  is  of  practical  service  only  in  thick 
weather,  for  if  the  air  be  clear  an  ordinary  first-class  light  under  the 
old  system  answers  every  purpose  of  the  mariner,  and  in  fog  no  light 
is  of  any  avail ;  but  it  scarcely  requires  demonstration  that  in  certain 
intermediate  states  of  the  atmosphere,  the  brighter  light  will  penetrate 
the  haze,  rain,  or  snow  to  a  distance  at  which  the  other  is  perfectly 
invisible.  There  is  nothing  in  the  nature  of  the  rays  emitted  to 
prevent  its  doing  so,  for  when  submitted  to  spectral  analysis,  the 
Electric  light  is  found  to  contain  every  ray  that  the  oil-flame  does,  and 
others  beside.  The  returns  of  neighbouring  lighthouse  keepers,  and 
of  the  masters  of  two  of  the  lightships  at  the  Goodwin  Sands,  during 
the  experiment  at  the  South  Foreland,  show  this  to  be  actually  the 
case,  and  similar  testimony  is  borne  by  the  masters  of  passing  vessels, 
the  conmianders  of  the  Channel  Steam  Packets,  and  the  pilots  who 
frequent  the  neighbouring  seas. 

The  peculiar  bluish  colour  of  the  light  as  seen  from  a  distance  is 
another  advantage,  by  distinguishing  it  from  ships*  lights,  or  lamps  on 
shore ;  and  practically  this  is  a  great  object.  Of  course,  it  may  be 
made  red  or  green,  or  any  other  tint,  by  coloured  glasses.  Indeed  it 
is  peculiarly  adapted  for  such  a  purpose.  As  the  light  can  be 
interrupted  and  immediately  rekindled  with  full  intensity  at  pleasure, 
this  light  offers  facilities  for  signaling  which  no  other  does.  Each 
lighthouse  might  be  made  to  repeat  its  own  number  all  night  long,  if 
that  were  thought  desirable.  Another  advantage  is  well  stated  in  the 
words  of  Professor  Faraday : — **  In  cases  where  the  light  is  from  lamp 
flames  fed  by  oil,  no  increase  of  light  at  or  near  the  focus  or  foci  of 
the  apparatus  is  possible  beyond  a  certain  degree,  because  of  the  size 
of  the  flames ;  but  in  the  Electric  lamp,  any  amount  of  the  light  may 
be  accumulated  at  the  focus,  and  sent  abroad  at,  of  course,  an 
increased  expense.  In  consequence  of  the  evolution  of  the  light  in  so 
limited  a  focal  space^  it  may  be  directed  seaward,  diverging  cither 
more  or  less,  or  in  a  vertical  or  horizontal  direction  at  pleasure,  with 
the  utmost  facility.  The  enormous  shadow  under  the  light,  produced 
by  the  oil-flame  burner,  which  absorbs  and  renders  useless  the 
descending  rays  to  a  very  large  extent,  does  not  occur  in  the  Mag- 
neto-electric lamp;  all  the  light  proceeding  in  that  direction  is 
turned  to  account.  The  optical  part  of  the  arrangement,  whether 
dioptric  or  reflecting,  might  be  very  small  in  comparison  with  those 
in  use :"  and,  indeed,  it  is  so  at  Dungeness.  As  there  is  always  an 
extra  steam-engine  and  machinery  on  the  premises,  and  ready  for 
work,  the  power,  and  the  consequent  light  between  the  charcoal 
points,  might  at  any  time  be  doubled,  if  the  state  of  the  atmosphere 
seemed  to  require  it. 

It  has  already  been  remarked  that  in  fog  no  light,  however  power- 
ful, is  of  much  avail,  and  public  attention  is  now  being  directed  to  the 
necessity  of  improving  our  fog  signals.  It  has  been  well  observed  in 
M.  Beynaud's  Eepoii;,  "  During  foggy  weather  the  supplementary  steam- 
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engine  might  be  employed  in  playing  sonorous  instruments,  which  would 
carry  sound  to  a  much  greater  distance  than  the  bells  to  which  we  have 
recourse  at  present." 

Against  the  advantages  attending  the  use  of  this  Electric  light  must 
be  set  the  greater  complexity  of  the  instrument,  and  the  consequent 
greater  chance  of  derangement,  or  rather  the  necessity  of  providing 
lighthouse  keepers  of  a  superior  order,  and  an  engineer  to  inspect  the 
machinery  and  keep  it  in  repair.  This  demand  for  superior  workmen 
is  a  difficulty  we  generally  have  to  encounter  in  perfecting  our  engines 
either  of  peace  or  war. 

The  relative  expense  of  the  Magneto-electric  light  and  the  Fresnel 
lamp  is  a  consideration  that  must  not  be  overlooked,  though  it  should 
not  be  allowed  too  much  weight  when  we  are  dealing  with  the  safety 
of  valuable  cargoes  and  priceless  human  lives.  The  original  outlay 
in  machinery  for  the  Electric  light  is  very  large,  but  there  must  be  set 
against  this  a  considerable  diminution  in  the  cost  of  the  apparatus  used 
for  directing  the  rays  where  they  are  wanted.  The  wor£ng  expense 
consists  of  the^coals  burnt,  the  charcoal  points  used  up,  and  the  wear 
of  the  machinery,  aU  of  which  perhaps  scarcely  exceeds  the  cost  of  oil 
under  the  old  system.  The  magnets  are  said  rather  to  increase  in 
strength  than  to  diminish  by  use.  The  salary  of  an  engineer  is  a  more 
serious  item,  but  the  expense  may  be  greatly  reduced  by  appointing 
one  engineer  to  several  lighthouses,  if  the  electric  system  become  com- 
mon. Mr.  Holmes  estimates  the  working  expenses  of  the  electric  ap- 
paratus as  compared  with  the  oil  lamp,  at  about  400  against  290.  The 
French  estimate  is,  ^*  Abstracting  the  expenses  of  the  first  establish- 
ment, it  will  be  found  that  while  the  expenses  of  the  annual  mainten- 
ance of  a  lighthouse  of  the  first  order  fed  with  colza  oil  rise  to  9,421 
francs  75  centimes,  those  of  the  same  lighthouse  illuminated  by  elec- 
tricity would  be  12,240  francs."  Again,  ''  The  annual  expense  will  be 
increased  29  per  cent,  in  lighthouses  of  the  first  order,  but  it  will  have 
the  efiEect  of  rendering  the  luminous  intensity  at  least  fivefold  greater.'' 

It  has  been  objected  that  the  light  is  too  bright,  dazzling  the  mariner 
and  misleading  him  as  to  its  distance,  but  experience  will  soon  remove 
this  source  of  error,  and  it  is  hard  to  .understand  how  the  light  can  pro- 
duce any  dazzling  effect,  unless  exhibited  at  the  head  of  a  pier  close 
alongside  of  which  the  mariner  must  steer  his  way.  But  for  harbour 
lights  it  is  not  required.  Its  proper  place  is  on  the  prominent  points  of 
the  coast  which  are  used  as  landfalls  by  vessels,  and  unless  objectionB 
present  themselves  in  the  future  which  are  as  yet  unknown,  we  may 
confidently  anticipate  that  each  of  these  headlands  will  in  time  be 
marked  by  its  brilliant  Electric  light.  ^ 
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ON   THE  APPLICATION  OF  THE  PBINCIPLE  OF   "  CON- 
SEEVATION  OF  FORCE  "  TO  PHYSIOLOGY.* 

Pabt  L  The  Bdatiana  of  Light  and  Heat  to  the  Vital  Forces  of  Plants. 

By  William  B.  Cabpknteb,  M.D.,  F.R.S.,  F.L.S.,  F.G.S. 

In  every  period  of  the  history  of  Physiology,  attempts  have  been 
made  to  identify  all  the  forces  acting  in  the  Living  body  with  those 
operating  in  the  Inorganic  universe.  Because  muscular  force,  when 
brought  to  bear  on  the  bones,  moves  them  according  to  the  mechanical 
laws  of  lever-action,  and  because  the  propulsive  power  of  the  heart 
drives  the  blood  through  the  vessels  according  to  the  rules  of  hydrau- 
lics, it  has  been  imagined  that  the  movements  of  living  bodies  may  be 
explained  on  Physical  principles;— the  most  important  consideration 
of  all,  namely,  the  source  of  that  contractile  power  which  the  living 
muscle  possesses,  but  which  the  dead  muscle  (though  having  the  same 
chemical  composition)  is  utterly  incapable  of  exertiftg,  being  alto- 
gether left  out  of  view.  So,  again,  because  the  digestive  process, 
whereby  food  is  reduced  to  a  fit  state  for  absorption,  as  well  as  the 
formation  of  various  products  of  the  decomposition  that  is  continually 
taking  place  in  the  living  body,  may  be  imitated  in  the  laboratory  of 
the  Chemist ;  it  has  been  supposed  that  the  appropriation  of  the 
nutriment  to  the  production  of  the  living  organized  tissues  of  which 
the  several  parts  of  the  body  are  composed,  is  to  be  regarded  as  a 
chemical  action, — as  if  any  combination  of  albumen  and  gelatine,  fat 
and  starch,  salt  and  bone-earth,  could  make  a  living  Man  without  the 
constructive  agency  inherent  in  the  germ  from  which  his  bodily  fabric 
is  evolved. 

Another  class  of  reasoners  have  cut  the  knot  which  they  could  not 
untie,  by  attributing  aU  the  actions  of  living  bodies  for  which  physics 
and  chemistry  cannot  account,  to  a  hypothetical  "  Vital  Principle  "  ; 
a  shadowy  agency  that  does  everything  in  its  own  way,  but  refuses  to 
be  made  the  subject  of  scientific  examination  ;  like  the  *'  od-force  "  or 
the  "  spiritual  power  "  to  which  the  lovers  of  the  marvellous  are  so  fond 
of  attributing  the  mysterious  movements  of  turning  and  tilting 
tables. 

A  more  scientific  spirit,  however,  prevails  among  the  best 
Physiologists  of  the  present  day ;  who,  whilst  fully  recognizing  the 
fiict  that  many  of  the  phenomena  of  living  bodies  can  be  accounted  for 
by  the  agencies  whose  operation  they  trace  in  the  world  around,  sepa- 
rate into  a  distinct  category— that  of  vital  actions — such  as  appear  to 
differ  altogether  in  kind  from  the  phenomena  of  Physics  and  Che- 
mistry ;  and  seek  to  determine,  from  the  study  of  the  conditions  under 
which  these  present  themselves,  the  laws  of  their  occurrence. 

In  the  prosecution  of  this  inquiry,  the  Physiologist  will  find  it 
greatly  to  his  advantage  to  adopt  the  method  of  philosophizing  which 
distinguishes  the  Physical  Science  of  the  present  from  Ihat  of  the  past 

♦  To  be  concluded  in  our  next  Number. 
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generation ;  that,  namely,  which,  whilst  fully  accepting  the  logical 
definition  of  the  cause  of  any  phenomenon,  as  '*  the  antecedent,  or 
the  concurrence  of  antecedents  on  which  it  is  invariably  and  uncon- 
ditionally consequent "  (Mill),  draws  a  distinction  between  the  dyna- 
mical  and  the  maierial  conditions ;  the  former  supplying  the  jpotoer 
which  does  the  work,  whilst  the  latter  affords  the  instrumental  means 
through  which  that  power  operates.  Thus,  if  we  inspect  a  Cotton- 
factory  in  full  action,  we  find  it  to  contain  a  vast  number  of  machines, 
many  of  them  but  repetitions  of  one  another,  but  many,  too,  present- 
ing the  most  marked  diversities  in  construction,  in  operation,  and  in 
resultant  products.  We  see,  for  example,  that  one  is  supplied  with 
the  raw  material,  which  it  cleans  and  dresses ;  that  another  receives  the 
cotton  thus  prepared,  and  "  cards"  it  so  as  to  lay  its  fibres  in  such  an 
arrangement  as  may  admit  of  its  being  spun ;  that  another  series, 
taking  up  the  product  supplied  by  the  carding  machine,  twists  and 
draws  it  out  into  threads  of  various  degrees  of  fineness ;  and  that  this 
thread,  carried  into  a  fourth  set  of  machines,  is  woven  into  a  fabric 
which  may  be  either  plain,  or  variously  figured,  according  to  the  con- 
struction of  the  loom.  In  every  one  of  these  dissimilar  operations, 
the  force  which  is  immediately  concerned  in  bringing  about  the  result, 
is  one  and  the  same ;  and  the  variety  of  its  products  is  dependent 
solely  on  the  diversity  of  the  material  instruments  through  which  it 
operates.  Yet  these  arrangements,  however  skilfully  devised,  are 
utterly  valueless  without  the  force  which  brings  them  into  play.*  All 
the  elaborate  mechanism,  the  triumph  of  human  ingenuity  in  devising, 
and  of  skill  in  constructing,  is  as  powerless  as  a  corpse,  without  the  vis 
viva  which  alone  can  animate  it.  The  giant  stroke  of  the  steam-engine, 
or  the  majestic  revolution  of  the  water-wheel,  gives  the  required  im- 
pulse ;  and  the  vast  apparatus  which  was  the  moment  previously  in  a 
state  of  death-like  inactivity,  is  aroused  to  all  the  energy  of  its 
wondrous  life, — every  part  of  its  complex  organization  taking  upon 
itself  its  peculiar  mode  of  activity,  and  evolving  its  own  special  product, 
in  virtue  of  the  share  it  receives  of  the  one  general  force  distributed 
through  the  entire  aggregate  of  machinery. 

But  if  we  carry  baick  our  investigation  a  stage  further,  and  inquire 
into  the  origin  of  the  force  supplied  by  the  steam-engine  or  the 
water-wheel,  we  soon  meet  with  a  new  and  most  significant  fiEkct.  At 
our  first  stage,  it  is  true,  we  find  only  the  same  mechanical  force 
acting  through  a  different  kind  of  instrumentality ;  the  strokes  of  the 
piston  of  the  steam-engine  being  dependent  upon  the  elastic  force  of 
the  vapour  of  water,  whilst  the  revolution  of  the  water-wheel  is  main- 
tained by  the  downward  impetus  of  water  en  masse.  But  to  what 
antecedent  dynamical  agency  can  we  trace  these  forces  ?  That  agency, 
in  each  case,  is  Heat ;  a  force  altogether  dissimilar  in  its  ordinary 
manifestations  to  the  force  which  produces  sensible  motion,  yet  capable 
of  being  in  turn  converted  into  it  and  generated  by  it.  For  it  is 
firom  the  Heat  applied  beneath  the  boiler  of  the  steam-engine,  that  the 
non-elastic  liquid  contained  in  it  derives  all  that  potency  as  elastic 

*  In  going  through  a  manufacturing  town,  I  have  often  been  struck  with  the 
announccraentd  of  "Power  to  Let." 
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yaponr,  wliich  enables  it  to  overcome  the  vast  mechanical  resistance 
that  is  set  in  opposition  to  it.  And,  in  like  manner,  it  is  the  heat  of 
the  solar  rays  which  pumps  up  terrestrial  waters  in  the  shape  of  vapour, 
and  thus  supplies  to  Man  a  perennial  source  of  new  power  in  their 
descent  by  the  force  of  gravity  to  the  level  &om  which  they  have  been 
raised.* 

The  power  of  the  steam-engine,  indeed,  is  itself  derived  more 
remotely  from  those  same  rays ;  for  the  Heat  applied  to  its  boilers 
is  but  the  expression  of  the  chemical  change  involved  in  com- 
bustion; that  combustion  is  sustained  either  by  the  wood  which  is 
the  product  of  the  vegetative  activity  of  the  present  day,  or  by  the 
coal  which  represents  the  vegetative  life  of  a  remote  geological  epoch  ; 
and  that  vegetative  activity,  whether  present  or  past,  represents  an 
equivalent  amount  of  Solar  Light  and  Heat,  used  up  in  the  decomposition 
of  the  carbonic  acid  of  the  atmosphere  by  the  instrumentality  of  the 
growing  plant.f  Thus  in  either  case  we  come,  directly  or  indirectly, 
to  Solar  Badiation  as  the  mainspring  of  our  mechanical  power ;  the  vis 
tnva  of  our  whole  microcosm.  Modem  physical  inquiry  ventures  even 
one  step  further,  and  seeks  the  source  of  the  Light  and  Heat  of  the  Sun 
itself.  Are  these,  as  formerly  supposed,  the  result  of  combustion ;  or 
are  they,  as  surmised  by  Mayer  and  Thomson,  the  expression  of  the 
motive  power  continually  generated  in  the  fall  of  aerolites  towards 
the  Sun,  and  as  continually  annihilated  by  their  impact  on  its  surface  ? 
Leaving  the  discussion  of  this  question  to  Physical  Philosophers,  I 
proceed  now  to  my  own  proper  subject. 

It  is  now  about  twenty  years  since  Dr.  Mayer  first  broadly 
announced,  in  all  its  generality,  the  great  principle  now  known  as  that 
of  Conservation  of  Force ;  as  a  necessary  deduction  from  two  axioms 
or  essential  truths — ex  nihilo  nil  fit,  and  nU  fit  ad  nihUum — ^the  validity 
of  which  no  true  philosopher  would  ever  have  theoretically  questioned, 
but  of  which  he  was  (in  my  judgment)  the  first  to  appreciate  the  fall 
practical  bearing.  Thanks  to  die  labours  of  Faraday,  Grove,  Joule, 
Thomson,  and  Tyndall,  to  say  nothing  of  those  of  Helmholtz  and 
other  distinguished  Continental  savans,  the  great  doctrine  ex- 
pressed by  iSie  term  "  Conservation  of  Force  "  is  now  amongst  the 
best  established  generalizations  of  Physical  Science;  and  every 
thoughtful  Physiologist  must  desire  to  see  the  same  course  of  inquiry 
thoroughly  pursued  in  regard  to  the  phenomena  of  living  bodies. 
This  ground  was  first  broken  by  Dr.  Mayer  in  his  remarkable  treatise, 
'Die  Organische  Bewegung  in  ihrem  Zusammenhange  mit  dem 
Stofiwechsel '  ('  On  Organic  Movement  in  its  relation  to  Material 
Changes/  Heilbronn,  1845);  in  which  he  distinctly  set  forth  the 
principle  that  the  source  of  all  changes  in  the  living  Organism, 
animal  as  well  as  vegetable,  lies  in  the  forces  acting  upon  it  firom 
without ;  whilst  the  changes  in  its  own  composition  brought  about  by 

*  See  on  this  subject  the  recent  admirable  address  of  Sir  William  Armstrong, 
at  the  Meeting  of  the  British  Association  at  Newcastle. 

t  This  was  discerned  by  the  genius  of  George  Stephenson,  before  the  general 
doctrine  of  the  Oorrelation  of  Forces  had  been  given  to  the  world  by  Mayer  or 
Groye. 
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these  agencies  he  considers  to  be  the  immediate  source  of  the  forces 
which  are  generated  by  it.  In  treating  of  these  forces,  however,  he 
dwells  chiefly  on  the  production  of  Motion,  Heat,  Light,  and  Electri- 
city by  living  bodies ;  touching  more  slightly  upon  the  phenomena  of 
Grow^  and  Development,  which  constitute,  in  the  eye  of  the  Physio- 
logist, the  distinct  province  of  vitality.  In  a  Memoir  of  my  own 
"  On  the  Mutual  Eelations  of  the  Vital  and  Physical  Forces,"  pub- 
lished in  *  The  Philosophical  Transactions  for  1850,'*  I  aimed  to  show 
that  the  general  doctrine  of  the  "  Correlation  of  the  Physical  Forces," 
propounded  by  Mr.  Grove,  was  equally  applicable  to  those  Vital  forces, 
which  must  be  assumed  as  the  moving  powers  in  the  production  of 
purely  Physiological  phenomena;  these  forces  being  generated  in 
living  bodies  by  the  transformation  of  the  Light,  Heat,  and  Chemical 
Action  supplied  by  the  world  around,  and  being  given  back  to  it 
again,  either  during  their  life  or  after  its  cessation,  chiefly  in  Motion 
and  Heat,  but  also  to  a  less  degree  in  Light  and  Electricity.  This 
Memoir  attracted  but  little  attention  at  the  time,  being  regarded,  I 
believe,  as  too  speculative ;  but  I  have  since  had  abundant  evidence 
that  the  minds  of  thoughtfdl  Physiologists  as  well  as  Physicists  are 
moving  in  the  same  direction ;  and  as  the  progress  of  science  since 
the  publication  of  my  former  Memoir  would  lead  me  to  present  some 
parts  of  my  scheme  of  doctrine  in  a  different  form,t  I  venture  again 
to  bring  it  before  the  public  in  the  form  of  a  sketch  (1  claim  for  it  no 
other  title)  of  the  aspect  in  which  the  application  of  the  principle  of 
the  "  Conservation  of  Force  "  to  Physiology  now  presents  itself  to 
my  mind. 

If,  in  the  first  place,  we  inquire  what  it  is  that  essentially  distin- 
guishes Vital  from  every  kind  of  Physical  activity,  we  find  this 
distinction  most  characteristically  expressed  in  the  fact  that  a  germ 
endpwed  with  Life  developes  itself  into  an  Organism  of  a  type 
resembling  that  of  its  parent ;  that  this  organism  is  the  subject  of 
incessant  changes,  which  all  tend  in  the  first  place  to  the  evolution  of 
its  typical  form,  and  subsequently  to  its  maintenance  in  that  form, 
notwithstanding  the  antagonism  of  Chemical  and  Physical  agencies 
which  are  continually  tending  to  produce  its  disintegration ;  but  that 
as  its  term  of  existence  is  prolonged,  its  conservative  power  declines 
so  as  to  become  less  and  less  able  to  resist  these  disintegrating  forces, 
to  which  it  finally  succumbs,  leaving  the  organism  to  be  resolved  by 
their  agency  into  the  components  from  which  its  materiaLs  were  ori- 
ginally drawn.  The  history  of  a  living  organism,  then,  is  one  of 
incessant  change  ;  and  the  conditions  of  this  change  are  to  be  found 

*  At  this  date  the  labours  of  Dr.  Mayer  were  not  known  either  to  mjrself  or 
(so  far  as  I  am  aware)  to  anyone  else  in  this  country,  save  the  late  Dr.  Baly,  who, 
a  few  months  after  the  publication  of  my  Memoir,  placed  in  my  hands  the  pamphlet 
•  Die  Organische  Bewegung  ;*  to  which  I  took  the  earliest  opportunity  in  my 

g)wer  of  drawing  public  attention  in  *  The  British  and  Foreign  Medico-Chirurgical 
eview'  for  July.  1851,  p.  237. 
t  I  have  especially  profited  by  a  memoir  on  *  The  Correlation  of  Physical, 
Chemical,  and  Vital  Force,  and  the  Conservation  of  Force  in  Vital  Phenomena,' 
bv  Prof.  Le  Conte  (of  South  Carolina  College),  in  Billiman's  'American  Journal' 
fo'r  Nov.  1859,  reprinted  in  *The  Philosophical  Magazine'  for  1860. 
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influence  of  agencies  whose  nature  constitutes  a  proper  object  of 
scientific  inquiry,  that  most  general  form  in  which  the  fabric — whether 
Corporeal  or  Social — originates,  evolves  itself  into  that  most  special  in 
which  its  development  culminates. 

But  notwithstanding  the  wonderful  diversity  of  structure  and 
of  endowments  which  we  meet  with  in  the  study  of  any  complex  Orga- 
nism, we  encoimter  a  harmonious  unity  or  co-ordination  in  its  entire 
aggregate  of  actions,  which  is  yet  more  wonderful.  It  is  this  harmony 
or  co-ordination,  whose  tendency  is  to  the  conservation  of  the  organism, 
that  the  state  of  Health  or  Normal  Life  essentially  consists.  And  the 
more  profound  our  investigation  of  its  conditions,  the  more  definite 
becomes  the  conclusion  to  which  we  are  led  by  the  study  of  them, — 
that  it  is  fundamentally  based  on  the  conmion  origin  of  all  these  diver- 
sified parts  in  the  same  germ,  the  vital  endowments  of  which,  equally 
diffused  throughout  the  whole  fabric  in  those  lowest  forms  of  organiza- 
tion in  which  every  part  is  but  a  repetition  of  every  other,  are  differen- 
tiated in  the  highest  amongst  a  variety  of  organs,  acquiring  in  virtue 
of  this  differentiation  a  much  greater  intensity. 

Thus,  then,  we  may  take  that  mode  of  Vital  Activity  which  mani- 
fests itself  in  the  evolution  of  the  germ  into  the  complete  organism 
repeating  the  type  of  its  parent,  and  the  subsequent  maintenance  of 
that  organism  in  its  integrity, — in  the  one  case,  as  in  the  other,  at  the 
expense  of  materials  derived  from  external  sources, — as  the  most  uni- 
versal and  most  fundamental  characteristic  of  Life ;  and  we  have  now 
to  consider  the  nature  and  source  of  the  Farce  or  Power  by  which  that 
evolution  is  brought  about.  The  prevalent  opinion  has  until  lately 
been,  that  this  power  is  inherent  in  the  germ ;  which  has  been  supposed 
to  derive  from  its  parent  not  merely  its  material  substance,  but  a  nisus 
formativiAS,Bildimgstrieb,  or  germ-force,  in  virtue  of  which  it  builds  itself 
up  into  the  likeness  of  its  parent,  and  maintains  itself  in  that  likeness 
until  the  force  is  exhausted,  at  ihe  same  time  imparting  a  fraction  of 
it  to  each  of  its  progeny.  Li  this  mode  of  viewing  the  subject,  all  the 
organizing  force  required  to  build  up  an  Oak  or  a  Palm,  an  Elephant 
or  a  Whale,  must  be  concentrated  in  a  minute  particle,  only  discernible 
by  microscopic  aid ;  and  the  aggregate  of  all  the  germ-forces  apper- 
taining to  the  descendants,  however  numerous,  of  a  common  parentage, 
must  have  existed  in  their  original  progenitors.  Thus,  in  the  case  of 
the  successive  viviparous  broods  of  Aphides,  a  germ-force  capable  of 
organizing  a  mass  of  living  structure,  which  would  amount  (it  has 
been  calculated)*  in  the  tenth  brood  to  the  bulk  of  500  millions  of 
stout  men,  must  have  been  shut  up  in  the  single  individual,  weighing 
perhaps  the  1-lOOOth  of  a  grain,  from  which  the  first  brood  was  evolved. 
And  in  like  manner,  the  germ-force  which  has  organized  the  bodies 
of  all  the  individual  men  that  have  lived  from  Adam  to  the  present 
day,  must  have  been  concentrated  in  the  body  of  their  common  ancestor. 
A  more  complete  reductio  ad  ahsurdum  can  scarcely  be  brought  against 
any  hypothesis ;  and  we  may  consider  it  proved  that,  in  some  way  or 

♦  See  Prof.  Huxley  on  the  "Agamic  Reproductioii  of  Aphis,"  in  '  Linn.  Trans.,' 
vol.  xxii.  p.  215. 


1864.]     Cabpkmtbb  on  Correlation  ofFhy%ical  and  Vital  Forces,        83 

o4her,  fresh  oiganizing  force  is  constantly  being  supplied /rom  without 
daring  the  whole  period  of  the  exercise  of  its  activity. 

When  we  look  carefully  into  the  question,  however,  we  find  that 
what  the  germ  really  supplies  is  not  the  force,  but  the  directive  agency  ; 
thus  rather  resembling  the  control  exercised  by  the  superintendent 
builder  who  is  charged  with  the  working  out  the  design  of  the  architect, 
than  the  bodily  force  of  the  workmen  who  labour  under  his  guidance 
in  the  construction  of  the  &bric.  The  actual  constructive  force,  as 
we  learn  from  an  extensive  survey  of  the  phenomena  of  life,  is  supplied 
by  Heat ;  the  influence  of  which  upon  the  rate  of  growth  and  develop- 
ment, both  animal  and  vegetable,  is  so  marked  as  to  have  universally 
attracted  the  attention  of  Physiologists :  who,  however,  have  for  the 
most  part  only  recognized  in  it  a  vital  siimfdus  that  calls  forth  the 
latent  power  of  the  germ,  instead  of  looking  upon  it  as  itself  furnishing 
the  power  that  does  the  work.  It  has  been  from  the  narrow  limitatiou 
of  IJie  area  over  which  physiological  research  has  been  commonly 
prosecuted,  that  the  intimacy  of  this  relationship  between  Heat  and 
the  Organizing  force  has  not  sooner  become  apparent.  Whilst  the 
vital  phenomena  of  Warm-blooded  Animals,  which  possess  within 
themselves  the  means  of  maintaining  a  constant  temperature,  were 
made  the  sole,  or  at  any  rate  the  chief^  objects  of  study,  it  was  not 
likely  that  the  inquirer  would  recognize  the  fall  influence  of  external 
heat  in  accelerating,  or  of  cold  in  retarding,  their  functional  activity. 
It  is  only  when  the  survey  is  extended  to  Cold-blooded  Animals,  and 
to  Plants,  that  the  immediate  and  direct  relation  between  Heat  and  Vital 
Activity,  as  manifested  in  the  rate  of  growth  and  development,  or  of 
other  changes  peculiar  to  the  living  body,  is  unmistakably  manifested. 
To  some  of  those  phenomena  which  afford  the  best  illustrations  of  the 
mode  in  which  Heat  acts  upon  the  living  organism,  attention  will  now 
be  directed. 

Commencing  with  the  Vegetable  kingdom,  we  find  that  the  ope- 
ration of  Heat  as  the  '*  motive  power,''  or  dynamical  agency,  to  which 
the  phenomena  of  growth  and  development  are  to  be  referred,  is  pecu- 
liarly well  seen  in  the  process  of  G^ermination.  ^  The  seed  consists 
of  an  embryo  which  has  already  advanced  to  a  certain  stage  of 
development,  and  of  a  store  of  nutriment  laid  up  as  the  material  for 
its  fnrtiier  evolution ;  and  in  the  tact  that  this  evolution  is  carried  on 
at  the  expense  of  organic  compounds  already  prepared  by  extrinsic 
agency,  until  (the  store  of  these  being  exhausted)  the  young  plant 
is  sufficiently  far  advanced  in  its  development  to  be  able  to  elaborate 
them  for  it»alf,  the  condition  of  the  germinating  embryo  resembles 
that  of  an  Animal.  Now  the  seed  may  remain  (under  favourable 
circumstances)  in  a  state  of  absolute  inaction  durincr  an  unlimited 
period.  If  secluded  from  the  free  access  of  air  and  moisture,  and  kept 
at  a  low  temperature,  it  is  removed  from  all  influences  that  would  on 
the  one  hand  occasion  its  disintegration,  or  on  the  other  would  call  it 
into  active  life.  But  when  again  exposed  to  air  and  moisture,  and 
subjected  to  a  higher  temperature,  it  either  germinates  or  decays, 
according  as  the  embryo  it  contains  has  or  has  not  preserved  its  vital 
endowments — a  question  which  only  experiment  can  resolve.     The 
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process  of  germination  is  by  no  means  a  simple  one.  The  nutriment 
stored  up  in  the  seed  is  in  great  part  in  the  condition  of  insoluble 
starch ;  and  this  must  be  brought  into  a  soluble  form  before  it  can  be 
appropriated  by  the  embryo.  The  metamorphosis  is  effected  by  the 
agency  of  a  ferment  termed  diastase  ;  which  is  laid  up  in  the  imme- 
diate neighbourhood  of  the  embryo,  and  which,  when  brought  to  act 
on  starch,  converts  it  in  the  first  instance  into  soluble  dextrine,  and 
then  (if  its  action  be  continued)  into  sugar.  The  dextrine  and  sugar, 
combmed  with  the  albuminous  and  oily  compcmnds  also  stored  up  in 
the  seed,  form  the  ^'  protoplasm  "  which  is  the  substance  immediately 
supplied  to  the  young  plant  as  the  material  of  its  tissues ;  and  the 
conversion  of  this  protoplasm  into  various  forms  of  organized  tissue, 
which  become  more  and  more  differentiated  as  development  advances, 
is  obviously  referable  to  the  vital  activity  of  the  germ.  Now  it  can 
be  very  easily  shown  experimentally  that  the  raie  of  growth  in  the 
germinating  embryo  is  so  closely  related  (within  certain  limits)  to  the 
amount  of  Heat  supplied,  as  to  place  its  dependence  on  that  agency 
beyond  reasonable  question ;  so  that  we  seem  fully  entitled  to  say  that 
Heat,  acting  through  the  genu,  supplies  the  constructive  force  or  power 
by  which  the  Vegetable  fabric  is  built  up.*  But  there  appears  to  be 
another  source  of  that  power  in  the  seed  itself.  In  the  conversion  of 
the  insoluble  starch  of  the  seed  into  sugar,  and  probably  also  in  a 
farther  metamorphosis  of  a  part  of  that  sugar,  a  large  quantity  of  carbon 
is  eliminated  from  the  seed  by  combining  with  the  oxygen  of  the  air 
so  as  to  form  carbonic  acid ;  this  combination  is  necessarily  attended 
with  a  disengagement  of  heat,  which  becomes  very  sensible  when  (as  in 
malting)  a  li^ge  number  of  germinating  seeds  are  aggregated  together ; 
and  it  cannot  but  be  regarded  as  probable  that  the  heat  thus  evolved 
within  the  seed  concurs  with  that  derived  from  without,  in  supplying 
to  the  germ  the  force  that  promotes  its  evolution. 

The  condition  of  the  Plant  which  has  attained  a  more  advanced 
stage  of  its  development  differs  from  that  of  the  germinating  embryo 
essentially  in  this  particular,  that  the  organic  compounds  wluch  it  re- 
quires as  the  materials  of  the  extension  of  the  fabric  are  formed  by 
itself,  instead  of  being  supplied  to  it  from  without.  The  tissues  of 
the  coloured  surfaces  of  the  loaves  and  stems,  when  acted  on  by  light, 
have  the  peculiar  power  of  generating — at  the  expense  of  carbonic  acid, 
water,  and  ammonia — various  ternary  and  quaternary  organic  com- 
pounds, such  as  chlorophyll,  starch,  oil,  and  albumen ;  and  of  the 
compounds  thus  generated,  some  are  appropriated  by  the  constructive 
force  of  the  Plant  (derived  from  the  heat  with  which  it  is  supplied)  to 
the  formation  of  new  tissues ;  whilst  others  are  stored  up  in  the  cavities 
of  those  tissues,  where  they  ultimately  serve  either  for  the  evolution 

*  The  effect  of  Heat  is  doubtless  manifested  very  diflFerently  by  diflferent  seeds ; 
such  variations,  being  partly  specific,  partly  individual.  But  these  are  no  greater 
than  we  see  in  tlie  inorganic  world ;  the  increment  of  temperature  and  the 
augmentation  of  bulk  exhibited  by  different  substances  when  subjected  to  the 
same  absolute  measure  of  heat,  being  as  diverse  as  the  substances  themselves. 
The  whole  process  of  "  malting,"  it  may  be  remarked,  is  based  on  the  regularity 
with  which  the  seeds  of  a  particular  species  may  be  at  any  time  forced  to  a  definite 
rate  of  germination  by  a  definite  increment  of  temperature. 
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of  parts  subsequently  developed,  or  for  the  nutrition  of  animals  which 
employ  them  as  food.  Of  the  source  of  those  peculiar  afi&nities  by 
which  the  components  of  the  starch,  albumen,  &c.,  are  brought  toge- 
ther, we  have  no  right  to  speak  confidently ;  but  looking  to  the  fact 
that  these  compounds  are  not  produced  in  any  case  by  the  direct  union 
of  their  elements,  and  that  a  decomposition  of  binary  compounds 
seems  to  be  a  necessary  antecedent  of  their  formation,  it  is  scarcely 
improbable  that,  as  suggested  by  Prof.  Le  Conte  (op.  cit.\  that  source 
is  to  be  foimd  in  the  chemical  forces  set  free  in  the  preliminary 
act  of  decomposition,  in  which  the  elements  would  be  liberated  in 
that  "  nascent  condition  *'  which  is  well  known  to  be  one  of  peculiar 
energy. 

The  influence  of  Light,  then,  upon  the  Vegetable  organism  appears 
to  be  essentially  exerted  in  bringing  about  what  may  be  considered  a 
higher  mode  of  chemical  combination  between  oxygen,  hydrogen,  and 
carbon,  with  the  addition  of  nitrogen  in  certain  cases ;  and  there  is  no 
evidence  that  it  extends  beyond  this.  That  the  appropriation  of  the 
materials  thus  prepared,  and  their  conversion  into  organized  tissue  in 
the  operations  of  growth  and  development,  are  dependent  on  the  agency 
of  Heat,  is  just  as  evident  in  the  stage  of  maturity  as  in  that  of  ger- 
mination. And  there  is  reason  to  believe,  further,  that  an  additional 
source  of  organizing  force  is  to  be  found  in  the  retrograde  metamor- 
phosis of  organic  compounds  that  goes  on  during  the  whole  life  of  the 
plant;  of  which  metamorphosis  tibie  expression  is  furnished  by  the 
production  of  carbonic  acid.  This  is  peculiarly  remarkable  in  the  case 
of  the  Fwngi^  which,  being  incapable  of  forming  new  compounds  under 
the  influence  of  light,  are  entirely  supported  by  the  organic  matters 
they  absorb,  and  which  in  this  respect  correspond  on  the  one  hand 
with  the  germinating  embryo,  and  on  the  other  with  Animals.  Such 
a  decomposition  of  a  portion  of  the  absorbed  material  is  the  only  con* 
ceivable  source  of  the  large  quantity  of  carbonic  acid  they  are  con* 
stantly  giving  out ;  and  it  would  not  seem  unlikely  that  the  force 
supplied  by  this  retrograde  metamorphosis  of  the  superfluous  com- 
ponents of  their  food,  which  fall  down  (so  to  speak)  from  the  elevated 
plane  of  "  proximate  principles  "  to  the  lower  level  of  comparatively 
simple  binary  compounds,  supplies  a  force  which  raises  another  portion 
to  the  rank  of  living  tissue  ;  thus  accounting  in  some  degree  for  the 
very  rapid  growth  for  which  this  tribe  of  Plants  is  so  remarkable. 
This  exhalation  of  carbonic  acid,  however,  is  not  peculiar  to  Fungi 
and  germinating  embryos ;  for  it  takes  place  during  the  whole  life  of 
Flowering  Plants,  both  by  day  and  by  night,  in  sunshine  and  in  shade, 
and  from  their  green  as  well  as  £rom  their  dark  sur&ces;  and  it 
is  not  improbable  that,  as  in  the  case  of  the  Fungi,  its  source  lies 
partly  in  tiie  organic  matters  absorbed ;  recent  investigations*  having 
rendered  it  prol^ble  that  Plants  really  take  up  and  assimilate  soluble 
htmaa^  whidi,  being  a  more  highly  carbonized  substance  than  starch, 
dextrine,  or  cellulose,  can  only  be  converted  into  compounds  of  the 
latter  kind  by  parting  with  some  of  its  carbon.     But  it  may  also  take 

*  See  the  Memoir  of  M.  Risler,  "  On  the  Abflorptioa  of  Humus,"  in  the  *  Biblio- 
thcque  Uniyeraelle,'  N.  S.  1858,  torn.  i.  p.  805. 
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place  at  the  expense  of  oomponnds  preTionsly  generated  by  the  plant 
itself,  and  storod  up  in  its  tissnes ;  of  which  we  seem  to  Imye  an  ex- 
ample in  the  nnnsnal  production  of  carbonic  acid  which  takes  place  at 
the  period  of  flowering,  especially  in  such  plants  as  have  a  flediy  disk 
or  receptacle  containing  a  large  quantity  of  starch  ;  and  thus,  it  may 
be  surmised,  an  extra  supply  of  force  is.provided  for  the  maturation  of 
those  generative  products,  whose  preparation  seems  to  be  the  highest 
expression  of  the  vital  power  of  the  Vegetable  organism. 

The  entire  aggregate  of  organic  compounds  contained  in  the  vege- 
table tissues,  then,  may  be  considered  as  the  expression  not  merely  of 
a  certain  amount  of  the  matericU  demenis^  oxygen,  hydrogen,  carbon, 
and  nitrogen  derived  (directly  or  indirectly)  from  the  water,  carbonic 
acid,  and  ammonia  of  the  atmosphere,  but  also  of  a  certain  amount  of 
force  which  has  been  exerted,  in  raising  these  from  the  lower  plane  of 
simple  binary  compounds  to  the  higher  level  of  complex  "  proximate 
principles ;"  whilst  the  portion  of  these  actually  converted  into  or- 
ganized tissue  may  bo  considered  as  tiie  expression  of  a  further  measure 
of  force,  which,  acting  under  the  directive  agency  of  the  germ,  has 
served  to  build  up  the  &brio  in  its  characteristic  type.  This  con- 
gtrudive  action  goes  on  during  the  whole  Life  of  the  Plant,  which 
essentially  manifests  itself  either  in  the  extension  of  the  original 
fftbric  (to  which  in  many  instances  there  seems  no  determinate  limit), 
or  in  the  production  of  the  germs  of  new  and  independent  organisms. 
— ^It  is  interesting  to  remark  that  the  development  of  the  more  per- 
manent parts  involves  the  successional  decay  and  renewal  of  parts 
whose  existence  is  temporary.  The  ^'fall  of  the  leaf''  is  the  e£fect, 
not  the  cause,  of  the  cessation  of  that  peculiar  functional  activity  of 
its  tissues,  which  consists  in  the  elaboration  of  the  nutritive  material 
required  for  the  production  of  wood.  And  it  would  seem  as  if  the 
duration  of  their  existence  stands  in  an  inverse  ratio  to  the  energy  of 
their  action ;  the  leaves  of  "  evergreens,"  which  are  not  cast  off  until 
the  appearance  of  a  new  succession,  effecting  their  functional  changes 
at  a  much  less  rapid  rate  than  do  those  of  "  deciduous"  trees,  whose 
term  of  life  is  far  more  brief. 

Thus  the  final  cause  or  purpose  of  the  whole  Vital  Activity  of  the 
Plant,  so  fisr  as  the  individwd  is  concerned,  is  to  produce  an  indefinite 
extension  of  the  dense,  woody,  almost  inert,  but  permanent  portions 
of  the  fabric,  by  the  successional  development,  decay,  and  renewal^  of 
the  soft,  active,  and  transitory  cellular  parenchyma ;  and,  according 
to  the  principles  already  stated,  the  descent  of  a  portion  of  the  mate- 
rials of  the  latter  to  the  condition  of  binary  compounds,  which  is 
manifested  in  the  largely  increased  exhalation  of  carbonic  acid  that 
takes  place  from  the  leaves  in  the  later  part  of  the  season,  comes  to 
the  aid  of  external  Heat  in  supplying  the  force  by  which  another  por- 
tion of  those  materials  is  raised  to  tibe  condition  of  organized  tissue. 
— The  vital  activity  of  the  Plant,  however,  is  further  manifested  in 
the  provision  made  for  the  propagation  of  its  race  by  the  production  of 
the  germs  of  new  individuals  ;  and  here,  again,  we  observe  that  whilst 
a  higher  temperature  is  usually  required  for  the  development  of  the 
flower,  and  the  maturation  of  the  seed,  than  that  which  suffices  to  sus- 
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tain  the  ordinary  processeB  of  vegetation,  a  special  provision  appears 
to  be  made  in  some  instances  for  the  evolution  of  'force  in  the  sexual 
apparatus  itself,  by  the  retrograde  metamorphosis  of  a  portion  of  the 
organic  compoimds  prepared  by  the  previous  nutritive  operations.  This 
seems  the  nearest  approach  presented  in  the  Vegetable  organism,  to 
what  we  shall  find  to  be  an  ordinary  mode  of  activity  in  the  Animal. 
That  the  performance  of  the  generative  act  involves  an  extraordinary 
expenditure  of  vital  force,  appears  from  this  remarkable  fact,  that  blos- 
soms which  wither  and  die  as  soon  as  the  ovules  have  been  fertilized, 
may  be  kept  fresh  for  a  long  period  if  fertilization  be  prevented. 

The. decay  which  is  continually  going  on  during  the  life  of  a  Plant 
restores  to  the  Inorganic  world,  in  the  form  of  carbonic  acid,  water, 
and  anunonia,  a  part  of  the  materials  drawn  from  it  in  the  act  of  vege- 
tation; and  a  reservation  being  made  of  those  Vegetable  products  which 
are  consumed  as  food  by  Animals,  or  which  are  pieserved  (like  timber, 
flax,  cotton,  See.)  in  a  state  of  permanence,  the  various  forms  of  decom- 
position which  toke  place  after  death  complete  that  restoration.  But 
in  returning,  however  slowly,  to  the  condition  of  water,  carbonic  acid, 
ammonia,  &o.,  the  constituents  of  Plants  give  forth  an  amount  of  Heat 
equivalent  to  that  which  they  would  generate  by  the  process  of  ordi- 
nary combustion ;  and  thus  they  restore  to  the  inorganic  world  not 
only  the  materials  but  the  forces,  at  the  expense  of  which  the  Vegetable 
fabric  was  constructed.  It  is  for  the  most  part  only  in  the  humblest 
Plants,  and  in  a  particular  phase  of  their  lives,  that  such  a  restoration 
takes  place  in  the  form  of  motion  ;  this  motion  being,  like  growth  and 
development,  an  expression  of  the  vital  activity  of  the  "  zoospores" 
of  Algae,  and  being  obviously  intended  for  their  dispersion. 

Hence  we  seem  justified  in  affirming  that  the  Correlation  between 
Heat  and  the  Organizing  force  of  Plants  is  not  less  intimate  than  that 
which  exists  between  Heat  and  Motion.  The  special  attribute  of  the 
Vegetable  germ  is  its  power  of  utilizing  afker  its  own  particular 
fashion  the  Heat  which  it  receives,  and  of  applying  it  as  a  constructive 
power  to  the  building-up  of  its  fabric  after  its  characteristic  type. 
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THE  BEPUTED*  FOSSIL  MAN  OF  THE  NEANDEETHAL. 

By  Professor  William  Ejno,  Queen's  University  in  Ireland,  and 

Queen's  College,  Galway. 

As  it  is  my  intention  to  confine  myself  to  the  consideration  of  the 
Neanderthal  fossil  with  reference  to  its  place  in  Nature,  I  must  neces- 
sarily be  brief  in  my  remarks  on  the  circumstances  under  which  it 
occurred,  and  on  its  geological  age. 

The  fossil  was  found  in  1857,  embedded  in  mud  in  a  cave  or  fissure 
intersecting  the  southern  rocky  side  of  the  ravine  or  deep  narrow 
valley,  called  the  Neanderthal,  situated  near  Hochdal  between  Diissel- 
dorf  and  Elberfeld.  A  small  stream  or  rivulet,  known  as  the  Diissel, 
flows  along  a  narrow  channel  about  sixty  feet  below  the  lowest  part  of 
the  fissure,  and  on  one  side  of  the  valley. 

It  has  long  been  known  that  human  bones,  belonging  to  an  extinct 
race,  and  occurring  in  stalagmite  along  with  the  remains  of  the  mam- 
moth and  other  fossil  animals,  have  been  found  in  the  limestone 
fissures  or  caverns  of  the  lofty  precipices  which  overhang  the  river 
Mouse,  in  Belgium,  about  seventy  English  miles  south-west  of  the 
Neanderthal. 

Lyell's  late  work,  '  The  Antiquity  of  Man,'  contains  a  very  lucid 
description  of  the  Mouse  caverns,  and  of  the  one  under  consideration. 
In  botii  cases  it  is  evident  that  we  have  examples  of  ancient  swallow- 
holes,  into  which  have  been  washed  bones,  mud,  and  gravel,  when 
their  openings  existed  in  the  bed  of  large  and  powerful  rivers.  It  was 
doubtless  by  the  incessant  abrading  action  of  such  ancient  streams, 
continued  for  countless  ages,  that  the  Neanderthal,  and  much  of  the 
broad  valley  of  the  Meuse,  became  scooped  out. 

Few  Greologists  will  dispute  that  the  Meuse  caverns  are  of  the  same 
age  as  the  flint-implement  gravels  of  the  Somme,  and  that  both  belong 
to  the  latest  division  of  tihe  glacial  or  (as  I  have  lately  termed  it) 
Clydian  period.*  If  we  accept  the  physical  conditions  of  the  Meuse 
caverns  as  demonstrative  of  their  having  been  filled  up  in  that  remote 
age,  we  cannot  but  recognize  in  the  corresponding  conditions  of  the 
Neanderthal  fissure  evidences  which  claim  for  it  an  equally  high 
antiquity,  notwithstanding  certain  differences  seemingly  supporting 
the  opposite  conclusion. 

The  want  of  stalagmite  and  the  doubtful  absence  of  remains  of  extinct 
animals  in  the  Neanderthal  fissure  may  be  readily  explained ;  and  as 
to  the  physical  dififerences,  the  Diissel  is  certainly  not  to  be  compared 
with  the  Meuse  for  size  and  abrading  power,  but  it  must  be  admitted 
that  a  mere  rivulet  may  take  quite  as  much  time  to  scoop  out  a  *'  ravine  " 
as  a  river  to  excavate  a  considerable  portion  of  a  broad  valley. 

EEaving  finished  my  preliminaiy  remarks,  I  shiJl  next  proceed  to 
notice  the  fossil  itself. 

AocorcUng  to  Dr.  Fuhlrott,  of  Elberfeld,  the  skeleton  was  found 


*  &ee  •  Synoptical  Table  of  the  Aqueoiia  Rock-Sjstems,*  5th  edition. 
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bj  Bome  workmen  while  qnarTying  tlie  rock  where  the  cayo  occurs ; 
but,  knowing  nothing  of  £he  importance  of  the  discovery,  and  being 
very  careless  about  it,  they  secured  chiefly  only  the  larger  bones. 
Fortunately  these  fell  into  the  hands  of  Fuhlrott,  and  they  were 
shortly  afterwards  described  by  Professor  Schaaffhausen,  of  Bonn. 
The  principal  parts  of  the  skeleton  which  have  been  preserved  are  the 
cranium ;  both  thigh  bones,  perfect ;  a  perfect  right  humerus  ;  a  per- 
fect radius;  the  upper  third  of  a  right  idna  corresponding  to  the 
humerus  and  radius ;  a  lefb  humerus,  of  which  the  upper  third  is 
wanting ;  a  left  ulna ;  a  left  ilium,  almost  perfect ;  a  fra^ent  of  the 
right  scapula ;  the  anterior  extremities  of  a  rib  of  the  right  side ;  the 
same  part  of  a  rib  of  the  left  side ;  the  hinder  part  of  a  rib  of  the 
right  side ;  and  two  short  hinder  portions,  and  one  middle  portion  of 
some  other  ribs. 

The  skeleton,  or  rather,  as  much  as  is  preserved  of  it,  is  charac- 
terized by  imusual  thickness,  and  a  great  development  of  all  the 
elevations  and  depressions  for  the  attachment  of  the  muscles.  The 
ribs,  which  have  a  singularly  rounded  shape,  and  an  abrupt  curvature, 
more  closely  resemble  the  corresponding  bones  of  a  carnivorous 
animal,  than  those  of  man.* 

Altibough  a  difBlculty  may  be  felt  in  resting  a  satisfactory  argument 
upon  merely  the  great  size  of  its  osseous  framework,  and  the  pecu- 
liar form  of  its  ribs,  it  cannot  but  be  admitted  that  these  characters 
afforded  some  grounds  for  the  belief,  at  first  entertained,  that  the 
Neanderthal  fossil  had  not  belonged  to  a  human  being.  Whether  a 
more  close  examination  of  other  parts  of  the  fossil  will  confirm  this 
hypothesis,  it  is  the  object  of  the  present  paper  to  determine. 

The  skull  is  deficient  in  its  l^isal  and  facial  portions,  but  retains 
all  the  parts  lying  above  a  line  connecting  the  glabella — or  space 
between  the  eye-brows — and  the  centre  of  the  posterior  part  of  the 
skull  immediately  above  the  hollow  of  the  neck,  to  which  the  name 
occipital  or  posterior  tubercle  is  given.f  Fortunately  the  parts 
alluded  to,  which  are  of  uncommon  thickness,  enable  one  to  deteimine 
some  highly  important  points  in  craniology. 

The  Jrontal — or  bone  of  the  forehead} — ^possesses  the  upper  border 
and  roof-plate  of  the  eye-sockets,  the  inter-orbital  space,  the  orifices 
of  the  frontal  sinuses,  and  both  outer  orbital  processes :  the  upper 
part  of  the  alisphenoid  belonging  to  the  right  side  appears  also  to  be 
present.  The  occipital — or  posterior  bone — retains,  in  addition  to  the 
tubercle,  the  superior  transverse  ridges.  The  parietaU — or  upper 
side-bones — ^possess  the  impression  of  the  temporal  squamosal.  The 
temporals — or  lower  side-bones — are  broken  o£^  though  it  would  appear 
from  Huxley's  figure,§  that  the  mammillary  portion  of  the  left  one  is 
still  preserved.     The  lambdoidal  euiure—^r  joining  of  the  parietals 

*  See  Busk's  translation  of  Sohaaffhausen's  paper  in  the  *  Natural  History 
Review/  1861,  pp.  158-162. 

t  The  line  A  A,  in  Fig.  1.  Plate  I.,  passes  from  the  gldbeOa  to  the  oocipital 
tubercle. 

X  The  explanation  of  the  individual  parts  of  the  skull  is  prefixed  to  Plates  I. 
and  II. 

§  See  *  Man*B  Place  in  Nature/  Fig.  25  A,  facing  page  138. 
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and  the  occipital — ^including  the  additamentum,  is  well-marked;  the 
aagiUal  suture — or  joining  of  the  parietals  in  the  medio-longitndinal 
line  of  the  sknll — is  obscure ;  while  the  coronal  suture — or  joining  of 
the  frontal  and  parietals  in  front  of,  and  at  right  angles  to  the  last- 
named  suture — is  but  faintly  marked  at  the  crown  and  obliterated  at 
the  sides.  The  bounding  line  of  the  temporal  muscles  (situated  on 
each  side  of  the  skull  in  front  of,  and  above  the  ear)  is  tolerably  well 
defined. 

In  general  terms,  the  Neanderthal  skull  is  of  an  elongated  oval 
form,  with  a  basal  outline  bearing  much  resemblance  to  that  of  the 
Negro  cranium  represented  by  Martin.*  It  is  of  large  size,  being 
about  an  inch  longer  than  ordinary  British  skulls ;  in  width,  however, 
it  does  not  much  exceed  them.  The  forehead,  uncommonly  low  and 
retreating,  terminates  in  front  by  enormously  projecting  brow  or  super- 
ciliary ridges,  which,  besides  being  very  thick,  slightly  rounded  on 
their  anterior  aspect,  and  rather  strongly  arched  above  the  eye-sockets, 
extend  uninterruptedly  across  from  one  side  to  the  other.  The  outer 
orbital  processes — or  horns  of  the  brow-ridges — are  also  unduly 
developed;  being  thick  and  projecting.  On  the  whole,  there  is  a 
remarkable  absence  of  those  contours  and  proportions  which  prevail 
in  the  forehead  of  our  species ;  and  few  can  refuse  to  admit  that  the 
deficiency  more  closely  approximates  the  Neanderthal  fossil  to  the 
anthropoid  apes  than  to  Homo  sapiens. 

The  greatest  width  of  the  sknll  is  towards  its  posterior  part,  and  on 
a  level  not  much  higher  than  the  mammUlary  region — a  character 
which  is  essentially  pithecoid  or  simial.  In  human  skulls,  the  greatest 
width  is  considerably  higher — ^usually  on  a  line  connecting  the  centres 
of  ossification  of  the  parietals :  f  on  the  contrary,  the  Neanderthal 
cranium,  like  that  of  the  Chimpanzee,  is  without  any  particular  pro- 
minency where  those  centres  may  be  assumed  to  be  situated. 

In  addition  to  possessing  a  low  retreating  forehead,  the  fossil  skull 
is  remarkably  flattened  at  the  vertex,  which,  according  to  Huxley,  rises 
about  3*4:  inches  only  above  what  is  called  the  glabello-occipital 
plane  :{  ^  Man,  the  corresponding  part  is  generally  about  an  inch 
higher.  From  the  vertex  there  is  a  slightly  curving  fell  both  towards 
the  front  and  the  back,  ending  in  the  former  direction  at  the  origin  of 
the  brow-ridges,  and  in  the  latter,  at  the  occipital  tubercle.  The  curving 
is  more  rounded  and  regular  on  the  anterior  half — ^particularly  at  the 
upper  portion  of  the  brow,  which,  in  consequence,  is  somewhat  pro- 
minent— ^than  on  the  posterior  half :  on  the  latter,  there  is  a  slight 
depression  just  above  the  apex  of  the  lambdoidal  suture.  The  pos- 
terior fall  of  the  Neanderthal  skull,  as  a  p'eculiarity,  was  first  pointed 
out  by  Huxley,  who  remarks  that  "  the  occipital  region  slopes  obliquely 
upwwrd  and  forward,  so  that  the  lambdoidal  suture  is  situated  well 
upon  the  upper  surfece  of  the  cranium :  '*  in  other  words,  when  the 
glabello-occipital  plane  is  made  horizontal,  the  apex  of  the  lambdoidal 
fiuture  is  decidedly  in  fr^nt  of  the  posterior  tubercle.     In  ordinary 

•  *  Natural  Hifltory  of  Man  and  Monkeys,'  fig.  182,  p.  120. 

t  Plate  II.  fig.  5. 6. 

X  See  Plate  I.  fig.  1,  A  A. 
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sknlls,  it  is  well  known,  the  backward  slope  terminates  near  the  apex 
of  the  lambdoidal  sntnre,  below  which  the  occipital  bone  stands  more 
or  less  vertical  to  the  glabello-occipital  plane.  The  Neanderthal 
craninm,  in  its  posterior  features,  is  approached  by  some  savage  races ; 
also  occasionally  by  a  few  inhabitants  of  the  British  Isles.  Moreover, 
jndging  from  the  few  data  at  our  command,  the  approximation  appa- 
rently characterized  the  ancient  ''  Borreby  people,"  and  the  extinct 
race  of  the  Mouse,  supposing  the  latter  to  be  represented  by  a  nearly 
perfect  skull  which  Schmerling  obtained  from  the  Engis  cave  near 
Liege  ;*  but  in  no  human  tribe  extinct,  or  existing,  do  we  find  both 
the  vertex  and  the  occiput  so  depressed  and  ape-like.  Well  might 
Huxley  have  felt  a  '*  difficulty  in  believing  that  a  human  brain  could 
have  its  posterior  lobes  so  flattened  and  diminished  as  must  have  been 
the  case  in  the  Neanderthal  man." 

Much  of  the  hinder  half  of  the  skull  partakes  of  the  slight  round- 
ness  just  noticed ;  but  anterior  to  its  greatest  width,  in  the  areas  which 
were  embraced  by  the  temporal  muscles,  the  sides  are  perpendicular, 
and  their  '^  fore  and  aft "  outline  is  straight  and  remarkably  long. 

In  these  general  characters,  the  Neanderthal  skull  is  at  once 
observed  to  be  singularly  different  from  all  others  which  admittedly 
belong  to  the  human  species ;  and  they  undoubtedly  invest  it  with  a 
close  resemblance  to  that  of  the  young  Chimpanzee,  represented  by 
Busk  in  his  translation  of  Shaaffhausen's  memoir.! 

Another  differential  feature  characterizes  the  fossil  in  question. 
In  human  skulls,  even  those  belonging  to  the  most  degraded  races,  if 
the  forehead  be  intersected  at  right  angles  to  the  glabello-occipital 
plane,  on  a  line  connecting  the  two  outer  orbital  processes  at  their 
infero-antorior  point,  the  intersection  will  cut  off  the  frontal  bone  in 
its  entire  width,  and  to  a  considerable  extent  rising  towards  the  coronal 
suture ;  \  whereas  in  the  Neanderthal  skull,  the  same  intersection  will 
cut  off  only  the  inferior  and  little  more  than  the  median  portion  of  the 
frontal.§  This  is  quite  a  simial  characteristic,  and  rarely,  if  ever, 
occurs  in  man.|| 

*  Tliis  is  the  only  speciality  in  which  the  Engis  and  Neanderthal  skulls  agree. 

t  See  •  Natural  History  Review/  1861,  Plate  IV.  fig.  6. 

X  See  Plate  II.  fig.  5,  B  B.  §  See  Plate  I.  fig.  1,  B  B. 

II  I  have  examined  and  made  myself  acquainted  with  skulls  belonging  to  the 
principal  races  or  varieties  of  man,  in  all  of  whioli  the  forward  position  of  the 
forehead,  relatively  to  the  outer  orbital  processes,  is  the  general  rule.  The  Engis 
skull  exhibits  it,  and  the  same  appears  to  be  the  case  with  the  Borreby  one, 
judging  from  the  figure  in  LyelPs  'Geological  Antiauity  of  Man,'  p.  86.  It 
may  bo  doubted  that  the  Plymouth  skull,  represented  by  Busk  ('  Nat.  Hist.  Rev.' 
1861,  PL  Y.  fig.  6),  is  an  exception.  I  possess  a  very  remarkable  skull,  probably 
about  500  years  or  more  olcC  taken  last  summer  out  of  the  beautiful  ruins  of 
Oorcomroo  Abbey,  situated  among  the  Burren  mountains,  in  county  Glare,  which 
offers  a  close  approximation  to  the  fossil  in  the  depressed  form  of  the  forehead  : 
indeed,  although  not  altogether  so  abnormal  in  tlus  respect  as  the  Neanderthal 
skull,  it  has  in  appearance  a  better  development,  in  consequence  of  the  median 
part  of  its  frontal  being  a  little  more  rounded.  There  is  no  reason  to  believe  that 
it  belonged  to  an  idiot,  as  it  happens  that  most  of  the  skulls  lying  about  the  ruins 
have  a  low  frontal  region.  It  is  singular  that  the  inhabitants  of  Burren  a  few 
hundred  vears  ago  should  have  been  characterized  by  a  remarkably  depressed  fore* 
head*  while  those  now  living  have  a  well-developed  cranial  physiognomy. 
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The  last  pecnliarity  is  concomitant  with  another  equallj  strik- 
ing. Viewing  the  Neanderthal  forehead  with  reference  to  the  situation 
of  that  portion  of  the  brain  which  it  enclosed,  we  may  plainly  per- 
ceive that  the  frontal  lobes  of  the  cerebrum  have  been  situated  behind 
the  outer  orbital  processes.  As  far  as  I  have  ascertained,  we  cannot 
say  this  of  man;  for,  apparently,  in  all  existing  races,  whose  skull  has 
not  been  modified  by  artificial  pressure,  the  corresponding  parts  of  the 
brain  actually  extend  in  firont  of  the  orbital  processes.* 

Notwithstanding  the  strong  simial  tendencies  displayed  by  its 
general  features,  most  of  the  writers  who  have  described  this  skull 
do  not  appear  to  think  otherwise  than  that  it  belonged  to  an  indi- 
vidual of  our  species.  There  seems  to  be  no  doubt,  whatever, 
on  the  part  of  the  Honorary  Secretary  of  the  Anthropological 
Society,  Mr.  Carter  Blake,  that  the  Neanderthal  fossil  is  specifically 
identical  with  Man.  He  considers  it  to  be  the  remains  of  some  poor 
idiot  or  hermit,  who  died  in  the  cave  where  the  bones  were  found,  f 
His  reasons,  however,  are  obviously  unsatisfactory.  '*  In  reply  to  the 
suggestion,'*  observes  Huxley,  "that  the  skull  is  that  of  an  idiot,  it  may 
be  urged  that  the  onu8  prcbandi  lies  with  those  who  adopt  the  hypothesis. 
Idiotcy  is  compatible  with  very  various  forms  and  capacities  of  the 
cranium,  but  I  know  of  none  which  present  the  least  resemblance  to  the 
Neanderthal  skull. '*f  Blake  admits  that  its  frontal  peculiarities  give 
the  cranium  an  "  apparent  ape-like  character ;  *'  but  if  such  peculiar- 
ities be  the  result  of  mal-development  producing  idiotcy,  one  would  be 
equally  justified  in  believing  that  the  form  of  &e  skull  of  the  gorilla, 
or  chimpanzee,  is  also  produced  by  disease  of  the  brain.  Schaaff- 
hausen,  seemingly,  would  have  no  hesitation  in  repudiating  the  idea 
that  the  frontal  specialities  of  the  fossil  are  the  result  of  individual 
pathological  deformity.  § 

In  case  it  should  be  suggested  that  this  remarkable  cranium  has 
received  its  form  from  artificial  pressure,  I  may  observe  that  no  one 
who  has  described  it  seems  to  entertain  such  an  opinion ;  indeed  its 
symmetry,  also  noticed  by  Schaaffhausen,  is  quite  opposed  to  the 
supposition  that  the  skull  has  undergone  any  process  of  artificial  modi- 
fication. 

Huxley,  while  admitting  that  it  is  the  most  ape-like  and  most 
brutal  of  all  human  skuUs  yet  discovered,  states  that  it  is  "  closely 
approached "  by  some  Austndian  forms,  and  "even  more  closely  affined 
to  the  skulls  of  certain  ancient  people,  who  inhabited  Denmark  during 
the  Stone  period." ||     I  have  no  intention  to  deny  that  there  are  gene- 

*  The  Oorcomroo  akull,  notioed  in  the  previouB  footnote,  although  closely 
approximated  to  the  Neanderthal  one  in  its  low  forehead,  and  (his  alone,  is  strictly 
human  in  the  forward  extension  of  the  finontal  lobes  of  the  brain  relatively  to  the 
outer  orbital  processes. 
,  t  See  •  Geologist,*  vol.  V.  p.  207. 

t  See  Lyell's  *  Geological  Antiquity  of  Man,'  p.  85. 

§  The  writer  of  an  article  on  Lyell's  *  Geological  Antiquity  of  Man,'  in  the  last 
number  of  the  '  Quarterly  Review,'  summarily  disposes  of  the  Neanderthal  skull 
with  the  gratuitous  assertion,  that  it  is  quite  removed  from  tiie  pithecoid  type,  and 
possibly  belonged  to  an  idiot. 

il  *  Man's  Place  in  Nature,'  p.  157. 
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ral  features  of  resemblance  between  the  Australian,  Neanderthal,  and 
ancient  Danish  crania ;  but  it  appears  to  me,  judging  from  the  figmres 
(81  and  32)  in  the  deeply  philosophical  work,  'Man*s  Place  in  Na- 
ture/ that  a  closer  resemblance  is  assumed  than  really  exists.  No  one 
would  have  any  hesitation  in  admitting  that  the  Borreby  skuU,  repre- 
sented under  one  of  the  figures  cited,  is  strictly  human, —  nay,  from 
what  I  have  seen  myself,  I  have  no  hesitation  in  saying  that  precisely 
the  same  cranial  conformation  is  often  repeated  in  the  present  day ; 
but  it  has  yet  to  be  shown  that  any  skulls  hitherto  found  are  more 
than  approximately  similar  to  the  one  under  consideration. 

The  proposition  at  present  contended  for  is  apparently  invalidated 
by  the  fact  that,  among  certain  species  of  animals — notably  those  under 
domestication — skulls  very  dissimilar  from  each  other  may  be  found. 
It  is,  therefore,  to  be  apprehended  that,  however  clearly  the  Neanderthal 
fossil  may  be  shown  to  be  inadmissible  into  the  human  species,  an  attempt 
will  be  made  to  set  aside  the  consequent  conclusion  by  an  appeal  to 
the  fact  alluded  to.  But  this  I  contend  is  not  a  case  in  point,  as  will 
be  evident  after  a  moment's  reflection  on  the  various  breeds  of  the  Dog 
— the  best  known  of  our  domesticated  species.  These  breeds,  so  re- 
markably differentiated  by  cranial  peculiarities,  are  artificial,  whereas 
the  varieties  of  mankind  are  naiuraL  The  dissimilar  skulls  met  with 
in  the  former  are  merely  striking  illustrations  of  organic  or  structural 
modifiability,  produced  by  what  Darwin  calls  Natural  Selection,  but 
nothing  more. 

Again,  some  weight  seems  to  be  due  to  the  consideration  that  the 
human  species  (in  which  I  include  all  the  existing  races  of  man)  is 
characterized  by  a  great  variety  of  skulls.  We  have  abundant  ex- 
amples affording  characters  which  closely  link  together  the  most  dis- 
ginular  forms,  so  that  it  is  impossible  to  draw  a  line  of  demarcation 
between  the  extremes  of  dolichocephaly  and  brachycephaly,*  or  between 
the  lofty  forehead  of  Indo-Europeans  and  the  depressed  one  of  the 
Australian.  Nay,  the  most  degraded  race  we  are  acquainted  with  — 
the  Mincopies  of  the  Andaman  Islands  —  may  be  strictly  regarded  as 
closely  affined  by  cranial  conformation  to  the  highest  intellectual  races. 
It  might,  therefore,  be  urged  that  the  Neanderthal  skull  is  simply 
an  aberrant  form,  but  which  is,  nevertheless,  inseparably  linked  on  to 
the  Indo-European  type.  If  sufficient  has  not  yet  been  adduced  to 
dispel  this  idea,  the  following  additional  evidences,  referring  to  the 
particular  parts  of  the  bones  composing  the  fossil  cranium,  will,  it  is 
thought,  be  deemed  fully  adequate  for  the  purpose. 

Commencing  with  the  Frontal. — Fuhlrott  and  Huxley  have  satis- 
&ctorily  shown  that  this  bone  is  furnished  with  large  frontal  sinuses  ; 
and  apparently  they  regard  these  as  the  cause  of  the  excessive  pro- 
minency of  the  superciliary  ridges.  It  may  be  reasonably  doubted, 
however,  that  this  is  the  case.  Frontal  sinuses,  it  is  well  known,  do 
not  always  coexist  with  prominent  brow  ridges,  as,  for  example,  in  the 
Australian  and  the  Chimpanzee :  on  the  other  hand,  the  former  may 
exist  without  being  associated  with  any  more  than  an  ordinary  de- 

*  Professor  Retzius  distinguished  long  skulls,  and  short  or  round  skulls,  re- 
Bpectively  by  tlie  names  doUchoceplMlic  and  brachycephalie. 
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velopment  of  the  latter.  I  have  seen  frontal  sinuses  extending  to 
nearly  the  origin  of  the  outer  orbital  processes,  and  almost  large 
enough,  even  at  their  termination,  to  admit  the  small  finger  to  be  in- 
serted into  them,  yet  the  brow-ridges  were  not  particularly  prominent. 
But  whether  the  Neanderthal  sinuses  extend  the  whole  length  of  the 
brow-ridges,  or  they  are  simply  confined  to  the  region  of  the  glabella, 
their  large  size,  in  either  case,  is  unusual  in  man,  and  they  more  strongly 
approach  to,  or  resemble,  as  the  case  may  be,  those  of  the  Qorilla. 

As  to  the  excessive  prominency  of  the  brow-ridges, — instead  of  re- 
garding this  feature  as  having  been  produced  by  the  frontal  sinuses, — 
there  is  more  probability  that,  like  ike  other  extraordinary  "  elevations 
and  depressions  "  of  the  skeleton,  pointed  out  by  Schaafihausen,  it 
is  another  speciality  consequent  on  the  greatly  developed  muscular 
system,  which,  from  what  has  already  been  stated,  evidently  cha- 
racterized the  so-called  Neanderthal  man. 

The  orbital  cavities  appear  to  have  had  a  circular  rim,  as  in  cer- 
tain apes,  there  being  no  angle  in  that  part  joining  the  glabella.  This 
is  a  feature  unknown  in  any  of  the  human  races :  in  them  the  orbits 
are  always  subquadrate.* 

The  roof  of  the  orbital  cavities  is  altogether  less  concave,  par- 
ticularly on  the  outer  side,  than  in  Man ;  and,  although  the  inner  ex- 
tremity of  the  plate  forming  the  roof  is  broken  ofi^  sufficient  remains 
to  show  that  the  cavities  contracted  sooner  than  usual.  The  cavities 
also  appear  to  have  been  uncommonly  divergent :  if  this  were  actu- 
ally the  case,  its  significance  would  point  towards  one  of  the  spe- 
cialities of  the  Gorilla. 

Temporals. — ^As  already  stated,  only  the  impression  of  the  upper 
sqitamosal  is  seen  on  the  parietals ;  but  it  suffices  to  show,  as  pointed 
out  by  Huxley,  that  this  part  had  a  comparatively  low  arcuation : 
the  highest  point  of  the  arch  reaches  little  more  thaii  haK  the  height 
it  attains  in  ordinary  human  skulls.  Besides  occurring  among  apes, 
an  equally  low  arcuated  squamosal  distinguishes  the  human  foetus ; 
and  in  some  savage  races — Australians  and  Africans —the  same  part 
is  also  depressed,  but  not  so  much  as  in  the  fossil.  The  Engis  and 
Borreby  skulls  are  strictly  normal  in  this  particular.^ 

*  In  some  apes  the  rim  of  the  orbits  is  of  the  human  form. 

t  Under  this  head  may  be  noticed  a  part  which  appears  to  have  been  over- 
looked in  the  fossil.  On  an  excellent  cast,  supplied  by  Mr.  Gregory,  of  Qolden- 
square,  London,  there  occurs  on  the  rieht  side  and  in  front  of  the  squamosal 
impression  a  raised  flattened  plate,  which  looks  like  the  upper  portion  of  the 
ali^phenoid  (see  Plate  I.  fig.  1,  b):  the  forward  situation  of  this  plate  prevents 
it  Being  taken  for  the  anterior  part  of  the  temporal ;  besides,  its  posterior  side 
exhibits  what  appears  to  be  the  impression  of  the  squamosal.  The  anterior 
margin  of  the  supposed  alisphenoid  is  about  an  inch  behind  the  outer  orbital 
process.  Dr.  Knox  long  ago  pointed  out  in  a  Tasmanian  skull  a  square-shaped 
E)one,  nearly  an  inch  in  extent,  interposed  between  the  alisphenoid  and  the  parietal. 
I  perceive  that  this  abnormality  in  a  Tasmanian  skull  is  represented  in  fig.  225 
of  the  beautiful  edition,  just  published  by  Renshaw,  of  Dr.  Knox's  translation  of 
Milne-Edwards*  *  Manuel  de  Zoologie.'  I  have  also  seen  the  same  bone,  but  only 
on  the  left  side,  of  an  "Australian"  skull  belonging  to  the  Dablin  Universily 
Museum.  Perhaps  this  interposed  bone  corresponds,  in  nature  as  well  as  situation, 
to  the  flattened  plate  observable  in  the  Neanderthal  fossil. 
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OceipiUd. — The  upper  portion  of  this  bone  is  quite  semicircular  in 
outline,  its  sntural  (hunbdoidal)  border  running  with  an  even  crescentic 
curve  f^om  ene  transverse  ridge  to  the  other  :*  generally  in  human 
skulls,  including  the  Engis  one,  the  outline  approaches  more  or  less  to 
an  isosceles  triangle.f  The  width  of  the  occipital  at  the  transverse 
ridges  is  much  less  than  is  common  to  Man  ;  and  the  disparity  is  the 
more  striking  in  consequence  of  the  widest  portion  of  the  fosml  occu- 
pying an  unusually  backward  position. 

Taking  into  consideration  the  forward  and  upward  curving  of  the 
upper  portion  of  the  occipital  bone  as  previously  noticed,  its  semicir- 
cular outline,  and  smaUness  of  width,  we  have  in  these  characters, 
taken  together,  a  totality  as  yet  unobserved  in  auy  human  skull  belong- 
ing to  either  extinct,  or  existing  races ;  while  it  exists  as  a  conspicuous 
feature  in  the  skull  of  the  Chimpanzee. 

Parietals, — In  Man  the  upper  border  of  these  bones  is  longer  than 
the  inferior  one ;  but  it  is  quite  the  reverse  in  the  Neanderthal  skull. 
The  difference,  amounting  to  nearly  an  inch,  will  be  readily  seen  by 
referring  to  figures  1  and  2,  in  plate  II.;  the  former  representing  the 
right  parietal  of  a  British  human  skull,  and  the  latter  the  correspond- 
ing bone  of  the  fossil.  These  figures  also  show  that  the  Neanderthal 
parietals  are  strongly  distinguished  by  their  shape,  and  the  form  of 
their  margins :  in  shape  they  are  five-sided,  and  not  subquadrate,  like 
those  of  the  British  skull ;  |  while  their  anterior  and  posterior  margins 
have  each  exactly  the  reverse  of  the  form  characteristic  of  Man. 

The  additamentum,  which  undoubtedly  gives  the  parietals  their 
five- sided  shape,  is  on  a  level  with  the  superior  transverse  ridge,  and 
much  longer  than  usual.  This  peculiarity  is  common  to  the  human 
foetus :  I  have,  likewise,  observed  an  approach  to  it  in  a  **  Caffi*e " 
skuU  belonging  to  the  Dublin  University  Museum,  in  which,  also,  the 
upper  and  lower  borders  of  the  parietals  are  about  equal  in  length. 
But  still  the  abnormality  of  the  latter  case  is  not  at  all  so  extreme 
as  the  condition  observed  in  the  fossil.  These  particular  features 
also  are  characteristically  simial ;  for  in  extending  our  survey  to  the 
Chimpanzee,  and  some  other  so-called  Quadrumanes,  their  parietals 
are  seen  to  present  a  great  similarity  to  those  of  the  Neanderthal 
8kull.§ 

I  have  now,  as  it  appears  to  me,  satisfactorily  shown  that  not  only 
in  its  general,  but  equally  so  in  its  particular  characters,  has  the  fossil 

♦  Plate  n.  fig.  4.  t  Plate  II.  fig.  3. 

X  The  ontlines  were  taken  by  pressiDg  a  sheet  of  paper  on  the  parietals ;  and, 
when  in  this  position,  marking  their  margins  by  following  the  bounding  sntnres  : 
next,  by  cutting  the  paper  according  to  the  lines  given  by  the  sutures,  and 
allowing  it  to  retain  its  acquired  convexity  :  the  outlines  were  then  marked  off  on 
another  sheet  of  paper.  Possibly  the  antero-inferior  angle  of  the  Neanderthal 
parietal,  as  given  m  the  figure,  is  not  strictly  correct,  owing  to  the  coronal  suture 
being  obliterated  in  that  part,  but  I  venture  to  state  that  it  is  approximatelv  true. 

§  On  the  cast,  an  incltaed  line  runs  from  tlie  lambdoidal  suture  (where  tlie  ad- 
ditamentum joins  it)  towards  the  posterior  tubercle.  Is  this  the  suture  which 
occurs  near  and  parallel  to  the  transverse  rids:es  in  foetal  skulls,  and  occasionally 
in  that  of  adults  ?  In  the  skull  of  the  "  Caflfre,"  noticed  in  the  text,  this  suture, 
which  is  only  seen  on  the  right  side,  is  situated  above  the  ridge ;  but  in  the  fossil, 
it  is  below  this  part. 
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under  consideration  the  closest  affinity  to  the  apes.  Only  a  few  points 
of  proximate  resemblance  have  been  made  out  between  it  and  the 
human  skull ;  and  these  are  strictly  peculiar  to  the  latter  in  the  foetal 
stale.  The  cranium  of  the  human  foetus,  however,  possesses  the  lofty 
dome,  the  forward  position  of  the  frontal  respectively  to  the  outer 
orbital  processes,  the  greatest  width  at  the  parietal  centres  of  ossifica- 
tion, and  the  vertical  occipital,  which  are  so  conspicuous  in  the  adult, 
but  which  are  remarkably  non-characteristic  of  the  Neanderthal  skull. 
Besides,  so  closely  does  the  fossil  cranium  resemble  that  of  the  Chim- 
panzee, as  to  lead  one  to  doubt  the  propriety  of  generically  placing  it 
with  Man.  To  advocate  this  view,  however,  in  the  absence  of  the  facial 
and  basal  bones,  would  be  clearly  overstepping  the  limits  of  inductive 
reasoning. 

Moreover,  there  are  considerations  of  another  kind  which  power- 
fully tend  to  induce  the  belief  that  a  wider  gap  than  a  mere  generic 
one  separates  the  human  species  from  the  Neanderthal  fossil. 

The  distinctive  fSaculties  of  Man  are  visibly  expressed  in  his  elevated 
cranial  dome — a  feature  which,  though  much  debased  in  certain  savage 
races,  essentially  characterizes  the  human  species.  But,  considering 
that  the  Neanderthal  skuU  is  eminently  simial,  both  in  its  general  and 
particular  characters^  I  feel  myself  constrained  to  believe  that  the 
thoughts  and  desires  which  once  dwelt  within  it  never  soared  beyond 
those  of  the  brute.  The  Andamaner,  it  is  indisputable,  possesses  but 
the  dimmest  conceptions  of  the  existence  of  the  Creator  of  the 
Universe:  his  ideas  on  this  subject,  and  on  his  own  moral  obli- 
gations,  place  him  very  little  above  animals  of  marked  sagacity ;  * 
nevertheless,  viewed  in  connection  with  the  strictly  human  conforma- 
tion of  his  cranium,  they  are  such  as  to  specifically  identify  him  with 
Homo  sapiens.  Psychical  endowments  of  a  lower  grade  than  those 
characterizing  the  Andamaner  cannot  be  conceived  to  exist :  they 
stand  next  to  brute  benightedness. 

Applying  the  above  argument  to  the  Neanderthal  skull,  and  consi- 
dering that  it  presents  only  an  approximate  resemblance  to  the 
cranium  of  man,  that  it  more  closely  conforms  to  the  brain-case  of 
the  Chimpanzee,  and,  moreover,  assuming,  as  we  must,  that  the  simial 
faculties  are  unimprovable — incapable  of  moral  and  theositic  concep- 
tions— there  seems  no  reason  to  believe  otherwise  than  that  similar 
darkness  characterized  the  being  to  which  the  fossil  belonged.f 

*  It  has  often  been  stated  that  neither  the  Andamaners,  nor  the  Australians* 
have  any  idea  of  the  existence  of  God :  there  are  circumstances,  however,  recorded 
of  these  races  which  prevent  my  accepting  the  statement  as  an  absolute  truth. 

t  A  paper  advocating  the  views  contained  in  this  article  was  read  at  the  last 
moeting  of  the  British  Association,  held  in  Newcastle-on-Tyne.  In  that  paper  I 
called  me  fossil  by  the  name  of  Homo  NeanderUialensie ;  but  I  now  feel  strongly 
inclined  to  believe  that  it  is  not  only  specifically  but  generically  distinct  from  Man. 
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Explanation  of  Platb  I. 

Fio.  l.^Right  Side  of  Neanderthal  SkuU. 

A  A.  Glabello-occipital  plane. 

B  B.  Line  intersecting  tne  forehead  at  right  angles  to  the  last  plane  through 
both  enter  orbital  processes.  - 

(These  lines  are  interrupted  so  as  not  to  obscure  any  parts  of 
the  skull.) 
a  to  a'.  Border  of  sc^uamosal  impression. 

(Letter  'a'  is  just  below  the  widest  part  of  the  skull.) 
b.  ?  Alispbenoid. 
o.  Portion  of  additamentum. 

Fig.  2.— Top  of  Neanderthal  SkuU, 
a,  a.  Outer  orbital  processes. 

The  transverse  line  on  the  middle  of  skull  represents  the  coronal 
suture.  (This  and  the  corresponding  line  in  Fig.  1  are  copied 
from  Busk's  figures.) 

The  semicircular  line  at  the  posterior  part  of  sinill  represents 
the  lambdoidal  suture. 

The  medio-longitudinal  line  represents  the  sagittal  suture. 

Fio.  S.—Front  of  Neandertfud  SkuU, 

tL,  a.  Outer  orbital  processes  or  horns  of  the  brow  ridges. 

b.  Inter-orbital  space. 

e.  Portion  of  roof-plate  of  right  orbital  cavity. 

(Only  the  anterior  half  of  the  frontal  bone  is  represented.) 

%*  The  figures  in  this  plate  are  taken  from  a  plaster  cast. 


Ezflanation  of  Plate  II. 

Fio.  l.^Right  Parietal  of  a  Human  {Iritih)  SkuU, 

a.  Coronal  edge. 

b.  Lambdoidal  edge. 
0.  Sagittal  edge. 

d.  Squamosal  edge. 

Fio.  2.'-'Btght  Parietal  of  Neanderthal  SkuU. 

a,  b,  c,  d.  Same  as  in  last  Figure, 
e.  Additamental  edge. 

Fio.  8. — Oeoipital  of  a  Human  (Irieh)  SkuU. 

a  a.   Lambdoidal  edge. 
h,  b.  Transverse  ridges. 
c.   Occipital  or  posterior  tuberde. 

Fig.  4i,— Occipital  of  Neanderthal  SkuU. 

Letters  same  as  in  last  Figure. 

Fig.  5. — Right  Side-view  of  Dome  of  Human  SkuU, 

A  A.  Glabello-occipital  plane. 

B  B.  Glabello-occipital  intersecting  plane. 

a.  Frontal. 

b.  Parietal.    (The  letter  is  on  the  centre  of  ossification  and  widest  part 

of  the  skuU.) 
o.  Occipital. 

d.  Temporal. 

e.  Alispbenoid. 


YOL.  L 


(    98    )  [Jan. 


CHRONICLES  OF  SCIENCE. 


I.  AGKICULTUEE. 

Thb  moTementsan  the  Agricultural  world  durmgthe  past  few  months 
have  related  more  to  the  business  than  to  the  Art  of  land  cnltiTation. 
Agricnltural  Societies  and  Meetings  have  concerned  themselves  more 
with  such  questions  as  the  relations  of  landlord  and  tenant,  or  of 
master  and  servant,  than  with  details  of  the  processes  of  the  farm,  or 
of  the  appliances  by  which  they  are  carried  out.  And  just  in  propor- 
tion as  the  motive — the  efficient  cause — is  important  in  comparison 
with  the  mere  machinery,  so  the  nature  of  these  business  relations 
win,  in  any  occupation  or  profession,  always  be  the  chief  of  aU  the 
influences  affecting  progress  or  success. 

This  is  especially  the  case  in  Agriculture : — 

TVhen  the  landowner  guarantees  possession  of  a  &rm  for  a  number 
of  years,  and  does  not  restrict  its  cultivation  to  any  precise  routine  of 
operations,  he  induces  the  tenant  of  that  ^farm  to  apply  all  his  mind 
and  all  his  money  to  its  management,  for  then  there  is  given  to  him 
hope  and  opportunity  of  a  rewaid  for  his  outlay  and  his  labour.  The 
land  is  to  a  certain  extent  a  machine,  and  its  fertility  depends  on  the 
use  that  it  can  make  of  the  fertilizing  influences  of  air  and  rain.  Its 
powers  as  a  machine  in  this  respect  can,  in  the  case  of  wet  and  water- 
logged soils,  be  wonderfully  increased ;  but  the  alterations  needed  for 
tiiis  purpose  are  very  costly.  Land-drainage,  marling,  liming,  burning, 
are  all  expensive  operations.  A  man  may,  in  the  case  of  wet  day 
soils,  sometimes  profitably  spend  nearly  as  much  again  in  these 
improvements  as  tibe  land  is  worth.  It  is  folly  to  suppose  that  he 
will  do  this  on  the  lands  of  another.  They  must  be  made  his  own  on 
certain  conditions  and  for  sufficient  time  to  enable  him  to  reap  the  reward 
of  that  increased  fertility  which  has  been  conferred.  A  lease  is  thus, 
for  all  purposes  of  considerable  land  improvement  by  the  farmer, 
absolutely  necessary. 

Where,  however,  the  improvements  do  not  involve  so  large  an 
expenditure,  and  where  that  expenditure  can,  imder  the  several  branches 
of  it,  be  accurately  recorded,  it  becomes  possible  so  to  keep  ^n  account 
between  the  landlord  and  tenant  as  to  enable  the  former  to  repay  the 
latter  at  any  time,  whatever  may  be  due  ^m  the  one  to  the  other. 
And  the  system  of  tenancy  at  will,  coupled  with  an  agreement  for  the 
repayment  of  the  balance  of  this  account,  does,  in  many  parts  of 
England,  both  maintain  and  promote  a  very  high  degree  of  cultivation. 
Nevertheless,  this  is  but  a  makeshift  arrangment,  by  which  landowners 
hope  to  obtain  the  full  advantage  to  all  classes  of  a  large  expenditure 
of  tenant's  capital  without  in  any  degree  abandoning  those  special 
privileges  to  themselves  which  the  possession  of  landed  property  alone 
confers.  And  thus  the  Earl  of  Shrewsbury,  at  one  of  the  recent  dis- 
cussions on  the  form  of  an  agreement  on  this  principle  between  landlord 
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and  tenant,  gave  the  fdllest  aoqniesoence  to  the  prinoiple  of  repaying 
the  tenant  for  his  outlay ;  but  at  the  same  time  tibe  completest  refusal 
to  the  principle,  fiir  more  influential  for  good,  of  granting  leases  to  his 
tenants  for  terms  of  years.     On  the  one  hand,  he  said : — 

"  I  should  feel  it  to  be  dishonest  if  I  allowed  any  tenant  of  mine 
to  leave  me  in  debt  to  him.  If  a  man  put  on  to  a  farm  that  which 
would  improve  it,  I  should  feel  bound  not  to  let  that  man  leave  my 
estate  without  being  remunerated  for  what  is  unexhausted." 

On  the  other  hand,  he  also  said : — 

"  I  adhere  to  what  I  have  always  said  respecting  leases,  namely, 
that  nothing  will  induce  me  to  give  a  man  a  lease,  because  in  the  first 
place  a  lease  is  all  on  one  side.  The  landlord  remains,  but  the  tenant, 
if  he  be  inclined  to  be  fraudulent,  may  go.  I  boldly  and  honestly  state 
that  I  will  never  surrender  my  property  to  a  tenant.  I  mean  that  no 
man  who  will  allow  his  sons  to  poach  and  act  disgracefully  shall  have 
Control  over  my  land  for  a  number  of  years." 

With  whatever  cordiality  we  may  admire  the  evident  honesty  in 
every  sense  which  these  remarks  display,  it  is  also  evident  that  they 
are  dictated  by  an  erroneous  judgment,  not  only  of  the  interest  of 
landowners,  but  of  the  general  character  of  tenantry. 

The  lease  is  not  '*  i^  on  one  side."  It  not  only  confers  advan- 
tages on  the  tenant,  but  it  secures  the  annual  payment  of  the  sum  at 
which  those  advantages  have  been  valued  by  the  landlord.  The  land- 
lord does  not  '*  remain : "  his  successor  may  be  either  himself  in  a 
different  mood  of  mind,  or  the  inheritor  of  his  estate ;  and  in  either 
case  it  is  within  his  power  to  put  an  end  to  an  unwritten  bargain. 

Again,  a  landlord  does  not  "  surrender  his  property  to  a  tenant " 
under  the  lease,  so  much  as  the  tenant  is  asked  to  surrender  his  pro- 
perty to  the  landlord  under  tenancy  at  will.  Unlike  the  tenant's  share 
in  the  improvements  he  confers  upon  the  land  he  occupies,  the  land 
remains.  Baron  Liebig  indeed  speaks  of  the  exhaustion  of  the  land, 
but  no  such  thing  is  Imown  in  practice.  The  '*  worn-out "  farm  of 
the  practical  man  would  be  readily  taken  again  by  another  tenant  at  the 
former  rent,  if  only  it  were  let  to  him  for  a  year  or  two  for  nothing. 
Two  years'  rent,  SI.  or  4Z.  per  annum,  are  thus  probably  the  utmost 
injury  ol^iinary  land  receives  by  cross-cropping  and  hard  usage.  And 
if  land  be  let  on  lease,  you  must  suppose  its  tenant  to  be  not  only 
fraudulent  but  a  fool,  to  do  even  this  amount  of  injury  to  it.  The 
fear  which  a  landlord  expresses  lest  his  property  should  be  injured 
by  letting  it  out  of  his  hands  for  so  long  a  time  is  thus  altogether 
visionary.  The  tenant's  capital  is  to  a  great  extent  the  cause,  and  it 
is  the  security  for  its  fertility.  That  system  which  most  encourages 
the  outlay  of  this  capital  is  best  in  the  interest  of  the  landlord  as  well 
as  in  that  of  the  tenant  and  consumer. 

And  the  fear  of  having  an  ill-conditioned  set  of  neighbours 
permanently  collected  round  you  by  granting  leases,  is  equally 
visionary.  It  has  been  proved  in  other  walks  of  life  that  the  plan  of 
universiJ  restriction— of  treating  all  men  with  suspicion — of  making 
your  general  arrangements  hinge  on  the  possibility  of  every  man  being 
a  rogue,  is  a  blunder.     It  is  an  especial  mistake  in  Agriculture.     For 

h2 


100  Chronicles  of  Science,  [Jan. 

there  is  a  certain  class-colouring  perceptible  in  farming,  as  in  ol^er 
professions,  and  tenant-fekrmers  may  be  safely  spoken  of  as  a  worthy 
and  well-conditioned  body  of  men.  If,  as  is  sometimes  feared,  a 
general  prevalence  of  the  lease  should  displace  the  homely  and  neigh- 
bourly class  with  whom  in  English  comitry  districts  one  has  so 
long  enjoyably  associated,  by  a  set  of  energetic,  ruthless,  restless^ 
money-mflJdng  "  sharps,"  the  change  would  be  lamentable  indeed ;  but 
the  fear  is  ludicrous.  However  many  new  men  may  be  entering 
Agriculture  from  other  walks  of  life,  it  will  always  be  that  the  bulk  of 
lanners  have  been  bred  by  farmers.  And  it  is  an  easier  and  a  better 
thing  to  engraft  upon  the  characteristic  good  qualities  of  this  class,  or 
rather  (for  they  already  exist)  to  foster  in  them  the  intelligence  and 
enterprise,  and  energy  of  commercial  life,  by  adopting  more  generally 
a  commercial  view  of  the  relations  between  landlord  and  tenant,  than 
it  will  be  to  engraft  a  strict  valuation  and  acknowledgment  of  tenant 
right  npon  the  system  of  tenancy^t-wiU. 

Although  this  Journal  is  devoted  rather  to  the  consideration  of 
science  than  of  business,  yet  the  case  of  Agriculture,  owing  to  the 
peculiarity  of  its  raw  material,  land,  is  so  exceptional,  that  these 
general  remarks  on  what,  more  than  anything  else,  determines  its  pro- 
gress and  improvement,  may  be  permitted  in  a  paper  introductoiy  to 
a  quarterly  series,  descriptive  of  the  progress  and  improvement  which 
from  time  to  time  will  have  to  be  recorded. 

And  as  a  preliminary  study  of  the  subject  which  will  thus  ^at 
intervals  engage  us,  we  will  now  shortly  enumerate  the  particulars  in 
which  this  progress  consists,  or  to  which  is  owing  increased  produce 
of  food  from  the  land. 

1 .  It  is  owing  in  the  first  place  to  better  tillage.  The  object  of  tillage 
is  the  creation  of  an  increased  available  surface  within  the  soil,  on 
which  may  be  prepared  and  deposited  food  for  plants,  and  over  which 
the  roots  of  plants  may  feed.  The  greater  the  quanti^  of  this  internal 
superficies  to  act  as  a  laboratory,  as  a  warehouse,  as  a  pasturage,  and 
the  better  stored  it  is,  under  a  given  extent  of  land,  then  so  long  as 
the  fitness  of  the  mechanical  condition  of  the  land  with  reference 
to  particular  plants  is  preserved,  the  more  fertile  is  that  land  with 
reference  to  those  plants. 

In  order  to  the  creation  of  this  inner  surface  a  greater  depth  of  soil 
is  stirred,  and  clods  are  comminuted.  In  order  to  the  increased  acces- 
sibility of  this  inner  surfSeuse  land  is  drained.  The  air  and  rain  water 
which  then  traverse  soil  and  subsoil  instead  of  merely  lodging  in  them, 
introduce  substances  into  this  warehouse  and  activity  into  this  labora- 
tory. 

The  air  which  rain-water  thus  draws  through  the  soil  as  it  sinks 
downwards  to  the  drains  is  as  necessary  to  the  fertility  of  the  soil  as  it 
is  to  the  heat  of  burning  coals.  The  fire  will  merely  smoulder  until, 
by  the  erection  of  a  chimney  over  it,  a  current  upwards  through  the 
burning  mass  is  impressed  upon  the  air.  And  even  then,  in  fires  of 
caking  coal,  the  heap  may  smoulder  until,  by  the  smashing  of  the  fuel, 
that  inner  surface  of  the  fire,  where  the  action  of  the  air  takes  place 
throughout  is  multiplied,  and  the  impervious  ceiling — or  floor,  as  we 
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might  call  it,  to  an  upward  current — which  has  hindered  the  passage  of 
the  air  oyer  that  inner  surface,  is  broken  up. 

Land  drainage  is  the  provision  of  a  passage  for  the  rain-water,  along 
with  which  the  fertilizing  air  has  thus  a  downward  current  given  it 
throvgh  the  soil  and  subsoil.  And  tillage,  especially  tillage  by  steam- 
power,  which  does  not  cake  a  floor,  as  horse-power  does,  beneath  the 
soil  it  stirs — ^has  all  that  enlivening  effect  of  the  poker  on  a  caked  coal 
fire,  which  the  parallel  suggests.  Extended  drainage  has  a  great  deal 
to  do  with  our  increased  produce.  Mr.  Bailey  Denton  estimates  that 
nearly  2,000,000  acres  have  within  the  past  fifteen  years  been  under- 
drained,  and  the  fertility  of  these  acres  has  no  doubt  been  largely 
increased. 

Deeper  and  better  tillage  has  contributed  to  the  same  result.  The 
extension  of  autumnal  tillage  is  an  undoubted  &ct ;  the  enormously 
increased  use  of  implements  of  the  grubber  class  is  another ;  the  general 
adoption  of  a  better  form  of  plough  is  a  third ;  the  more  general  adop- 
tion of  the  fertilizing  practice  of  burning  clay  soils  is  a  fourth.  The 
success  which  has  at  length  rewarded  unconquerable  perseverance  in 
the  attempt  to  use  steam-power  for  tillage  operations  is  a  further  great 
&ct,  whidi,  if  it  cannot  yet  be  quoted  in  explanation  of  agricultural 
progress,  will  unquestionably  be  looked  back  upon  t&a.  years  hence  as 
having  contributed  largely  to  the  increased  fertility  which  will  then 
have  to  be  recorded. 

2.  In  the  second  place  our  agricultural  progress  has  been  owing  to 
the  greater  richness  of  home-made  manures,  and  to  the  greater  use  made 
of  imported  fertilizers.  The  imports  of  guano  since  1840  have  amounted 
to  3i  millions  of  tons;  the  imports  of  cubic  nitre,  which  averaged 
10,000  to  14,000  tons  per  annum  up  to  1858,  have  since  varied  from 
25,000  to  40,000  tons  per  annum.  The  imports  of  bones  since  1848 
have  increased  from  80,000  to  70,000  or  80,000  tons  annually.  All 
these  are  manuring  substances.  75,000  to  80,000  tons  of  Suffolk  and 
Cambridgeshire  coprolites,  and  15,000  to  20,000  tons  of  Sombrero 
phosphate,  are  also  used  in  the  superphosphate  manufacture,  which  now 
probably  exceeds  in  worth  £1,000,000  per  annum.  To  facts  like  this 
add  the  enormous  extension  in  the  use  of  oil  cakes  and  richer  foods  in 
the  meat  manufacture,  by  which  the  richness  of  home-made  manure  is 
increased — the  increased  adoption  of  the  practice  of  applying  manure 
at  once  to  the  land,  instead  of  rotting  it  in  heaps,  which  is  an  economy, 
and  so  an  addition  to  our  resources  worth  naming — the  increased  prac- 
tice of  feeding  and  collecting  manure  under  shelter,  which  is  another 
great  economy — and  the  increased  care  to  properly  pulverise  and  even 
dissolve  manures,  so  as  to  distribute  them  thoroughly  through  the  soil, 
which  is  another  first-class  example  of  a  most  important  improvement 
in  farm  practice.  On  the  other  hand  there  is  the  increased  value  of 
the  town  sewage — due  to  the  improved  drainage  of  our  towns — which 
is  stUl  suffered  to  go  to  waste.  On  the  whole,  however,  there  cannot 
be  a  doubt  that  the  increased  fertility  of  the  soil  is  due  not  only  to 
improved  drainage  and  tillage,  but  to  the  direct  application  of  fertiliz- 
ing ingredients  in  a  more  liberal  and  economical  manner. 

8.  Leaving  now  the  soil,  there  is  the  way  in  which  its  increased 
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fertility  is  developed  and  expressed.  It  wilj  on  the  whole  be  admitted 
that,  at  least  on  arable  lands,  there  are  fewer  weeds ;  onr  fallow  crops 
are  cleaner,  our  tillage  and  manures  are  not  so  much  wasted  on  plants 
we  do  not  want  to  grow. 

Another  fact  of  importance  is  the  prevalence  of  rotations  of  crops 
in  which  bare  fallows  are  diminished,  and  in  which  there  is  a  larger 
acreage  of  the  more  valuable  crops.  The  prevalent  rotation  of  &e 
country  is  the  four-field  course,  in  which  wheat,  turnips,  barley,  and 
clover  occupy  one-fourth  of  the  land  apiece.  But  it  is  common  on 
weU-cultivated  land — ^where  the  land  is  folded  by  cake-fed  sheep,  and 
where  a  top-dressing  of  guano  is  given  to  the  com,  to  take  a  crop  of 
wheat  between  the  turnips  and  the  barley,  so  that  three-fifths  instead 
of  two-quarters  of  the  land  are  in  grain  crops.  One-half  of  the  clover 
land,  too,  is  often  sown  instead  witii  peas  or  beans,  so  that  five-eighths 
instead  of  three-fifths  are  in  grain.  Again,  over  large  districts,  espe- 
cially in  Scotland,  potato  culture  to  a  great  extent  displaces  turnips 
or  other  fiJlow  crops,  and  thus  provides  a  great  increase  of  food  for 
man. 

But  besides  the  adoption  of  improved  rotations,  we  have  to  report 
the  improved  cultivation  of  individual  crops.  We  suppose  that  the 
gradually  diminished  quantity  of  seed  used  per  acre  in  growing  grain 
crops — as  dnll  husbandry  extends,  and  as  an  increased  independence 
of  mere  custom  becomes  the  rule,  each  man  determining  his  practice 
for  himself — ^will  be  admitted  by  most  people  as  an  example  of  this 
kind.  Certainly  every  one  will  admit  that  the  extension  of  drill  hus- 
bandry in  the  cultivation  of  root  crops,  the  extended  use  of  the  horse- 
hoe  in  the  cultivation  of  grain  crops — the  extended  use  of  so-called 
artificial  manures  as  top-dressings  and  otherwise  in  the  cultivation  of 
all  crops — all  illustrate  the  improved  cultivation  of  the  plants  by  which 
the  greater  fertility  of  our  soils  is  expressed  and  utilized. 

Again,  we  owe  our  better  crops  to  the  selection  and  adoption  of 
better  sorts  of  the  plants  in  cultivation.  We  do  not  suppose  that  indi- 
vidual sorts  have  improved  upon  our  hands.  ProbaUy,  as  a  general 
rule,  they  have  deteriorated.  But  new  sorts  are  being  perpetually 
introduced ;  and  of  wheat,  barley,  and  oats,  mangold-wurzel,  swedes, 
turnips  and  potatoes,  cabbages  and  vetches,  a  man  can  grow  sorts  as 
good  as  any — we  think  probably  better  than  any — that  his  predecessors 
have  known. 

4.  We  now  come  to  the  produce  of  meat,  and  the  question  of  sort 
has  a  great  deal  to  do  with  our  improvement  here.  Our  sheep  are 
now  ready  for  the  butcher  at  14  months  old ;  our  cattle  at  24  and  30 
months.  Formerly  it  needed  at  least  two  years  of  feeding  to  make  a 
smaller  carcase  of  mutton,  and  at  least  three  or  four  years'  feeding  to 
make  a  smaller  carcase  of  beef.  A  thousand  sheep  upon  a  farm  in 
March  or  April  now  mean  something  like  500  ewes  in  the  lambing 
fold,  and  500  sheep  ready  for  the  market.  Formerly  they  meant  not 
more  than  300,  and  those  a  smaller  lot  ready  for  Uie  butcher.  And 
this  great  increase  in  the  meat  produce  of  a  given  head  of  stock  is 
witnessed  as  much  in  pork  and  beef  as  it  is  in  mutton. 

All  the  important  breeds  of  cattle,  sheep,  and  pigs  have  improved 
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and  increafled  in  numbers  during  this  period.  Mr.  Strafford  reoeives 
entries  for  his  herd  book  from  fonifold  the  number  of  short-bom 
breeders ;  and  the  influence  of  this,  the  dominant  breed  of  cattle,  in 
crossing  the  general  stock  of  the  country,  has  wonderfoUy  increased. 
Messrs.  Duckham  and  Tanner  Davy  report  no  falling  off  in  the  num-* 
ber  and  quality  of  the  more  local  breeds  of  Hereford  and  DoTon.  Both 
Down  and  long-wooUed  sheep,  and  especially  the  latter,  have  made 
great  strides,  both  as  to  increase  of  numbers  and  general  improvement ; 
and  mudi  more  general  interest  is  taken  in  the  improvement  of  the 
breeds  of  swine.  The  public  attention  has  lately  been  drawn,  or  rather 
driven,  to  the  &ct  that  disease  is  rife  among  our  stock,  and  it  is  said 
to  be  increasing.  It  is  one  great  point  in  proof  of  great  agricultural 
improvement  that  an  evil  of  this  kind,  whether  general  or  local,  and 
wherever  it  exists,  is  not  now  left  to  fester,  but  is  exposed  and  probed 
by  an  energetic  public  agitation,  which  will  undoubtedly  promote  its 
cine. 

The  greater  rapidity  of  growth,  and  the  increased  size  of  our  im- 
proved stock,  are  owing  partly  to  the  better  food  we  give  our  stock,  aa 
well  as  to  their  increased  precocity,  and  the  enormous  extension  of 
better  bred  stock.  And  thus,  as  part  of  this  experience,  we  have  a 
supply  of  more  fertilizing  manure  and  an  increased  growth  of  grain 
crops.  It  is,  we  believe,  the  fact  that  there  are  more  acres  of  com 
grown  now  than  before  has  been  ever  known  in  England,  and  we  look 
upon  this  as  a  proof  of  agricultural  progress.  And,  so  long  as  this  is 
consistent  with  the  maintenance  of  fertility,  it  is  certainly  for  the 
interests  of  the  consumer.  It  is  said  our  climate  is  especially  &vour- 
able  for  the  growth  of  green  crops.  We  believe  there  are  more 
bushels  of  wheat  per  acre  grown  here  than  in  any  other  country, 
whether  we  have  so  good  a  climate  for  it  or  not.  And  if  the  pre- 
sent extravagaht  cry  for  laying  land  down  to  grass  which  has  hitherto 
grown  grain  and  green  crops  in  alternate  husbandry  shall  to  any  extent 
prevail,  we  do  not  know  who  is  to  benefit  by  the  change.  Landlord, 
tenant,  labourer,  and  consumer  are  alike  interested  in  the  larger  pro- 
duce and  more  energetic  cultivation  of  arable  land. 

The  progress  which  we  have  thus  sketched  has  been  achieved  rather 
by  the  extension  of  good  Agriculture  than  by  the  invention  of  any  new 
process  during  the  period  of  it ;  and  yet  there  is  enough  of  novelty 
and  change  apparent,  too,  on  comparing  the  present  farmer  with  hu 
predecessor.  Bones  and  rape-cake,  soot  and  salt  and  gypsum,  lime 
and  marl,  and  composts  used  to  be  the  principal  methods  of  adding 
directly  to  fertility  ;  and  indirectly  the  same  end  was  attained  by  the 
cultivation  of  successive  green  crops,  feeding  rye  and  rape,  vetches 
and  turnips,  and  cabbages  off  successively  upon  the  same  field.  This 
'  double '  culture  was  advocated  oonfidenlly  as  the  perfection  of  arable 
cultivation  twenty-eight  or  thirty  years  ago.  Hear  Mr.  Middleton, 
who  edited  the  20th  edition  of  .Arthur  Young's  *  Farmer's  Calendar,' 
writing  on  this  veiy  practice.  "  That  very  numerous  class  of  supine 
persons,"  he  says,  ''  whose  minds  are  so  weak  as  not  to  adopt  this 
practice,  which  is  the  most  improved  that  is  known,  will  certainly  con- 
tinue to  o<Mnplain  of  hard  landlords  and  bad  times.    Such  characters. 
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do  not  Bucceed  in  any  profession ;  neither  can  they  in  Agriculture.  I 
bad  nearly  said  they  deserve  to  be  poor,  but,  whether  they  deserve  it 
or  not,  their  destiny  is  to  be  so." 

Notwithstanding,  however,  Mr.  Middleton's  vigorous  assertion  of 
this  practice,  it  is  not  thus  that  the  fanmet  now  in  general  seeks  the 
increased  fertility  of  his  hmdB.  He  has  guano,  superphosphate,  and 
other  fertilizers  at  his  command.  He  has  machinery,  not  only  for  the 
increased  efficiency,  but  for  the  cheapening  of  all  agricultural  processes. 
Steam-power  both  tills  the  soil  and  threes  out  its  produce.  The 
mowing  machine,  hay-tedder,  and  reaper — the  chaffcutter,  pulper,  and 
steamer — cheapen  the  labour  of  securing  his  crops,  and  economize  the 
after-use  of  them.  Better  plants  are  grown,  and  better  ftTiiTnn.1ft  are 
fed,  and  the  fertility  which  formerly  came  with  profit  under  the  best 
management  in  two  or  three  years,  is  now  achieved,  with  at  least  an 
equal  profit,  almost  at  once. 

It  will  thus  be  seen  that  there  is  a  large  field  ever  which  the  readeor 
of  the  agricultural  section  of  this  Journal  may  expatiate.  And  in  the 
improvements  of  machinery  and  soil,  of  manures,  and  plants  and  ani- 
mals, there  is  scope  enough  both  for  the  ingenuity  and  energy  of  the 
practical  and  scientific  oau,  and  in  the  present  activity  of  both  in  the 
agricultural  world,  for  the  industry  of  the  recording  Journalist. 


II.    ASTEONOMY. 


GiRMAir;,  ever  foremost  in  practical  astronomy  has,  within  the  last 
few  months,  seen  the  inauguration  of  a  movement  likely,  if  well 
carried  on,  to  render  valuable  services  to  the  science.  The  celebrated 
band  whose  organization  in  the  early  years  of  the  present  century 
resulted  in  the  discoveiy  of  the  planetoids,  Pallas,  Juno,  and  Yesta^ 
may  be  said  to  have  paved  the  way  for  the  new  institution  we  have  now 
to  report  upon,  and  there  is  no  reason  to  doubt  that  the  results  in  the 
present  case  will  be  equally,  if  not  still  more  satisfEustory.  '^  The 
Astronomical  Society  of  Grexmany,"  modelled  in  some  respects  on  our 
own,  is  distinguished  therefrom  by  including  in  its  programme  a  scheme 
for  united  work  which  appears  veiy  promising.  It  is  well  known  that 
there  are  certain  classes  of  research  demanding  for  their  proper  de- 
velopment more  time  and  attention  than  a  single  observatoiy,  much 
less  a  single  observer,  can  possibly  be  expected  to  afford — ^variable 
stars  and  comet  sweeping  are  two  noticeable  examples.  By  a  well- 
adjusted  subdivision  of  labour  amongst  several  persons,  each  under- 
taking a  prescribed  department  or  area  of  the  heavens,  as  the  case  may 
be,  it  is  obvious  that  results  of  extreme  magnitude  and  importance 
may  be  arrived  at.  A  copy  of  the  prospectus  has  been  forwarded  to 
us  from  Grermany :  from  it  we  learn  that  Leipzic  will  be  the  general 
head-quarters,  and  that  Gferman  will  be  the  official  language  for  the 
transaction  of  business,  though  the  Society  will  be  open  to  aJl  nation- 
alities and  all  languages.  Both  the  entrance  fee  and  annual  subscrip- 
tion are  fixed  at  five  thalers  (15«.),  a  very  moderate  sum  by  the  side  of 
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the  three  goineas  and  two  gaineas  which  our  own  Society  charges  for 
yeiy  inadequate  retoms.  Amongst  the  ofBicers  elected  at  the  Heidel- 
berg foundation  meeting,  are  Zech  of  Tubingen  (President)  Argelander, 
O.  Struve,  Bruhns,  Schonfeld,  &c.  The  secretary  is  Forster,  of  the 
Boyal  Observatory,  Berlin,  well-known  as  an  expert  calculator. 

In  reviewing  the  progress  of  Astronomy  during  the  last  six  months, 
we  shall  scarcely  do  wrong  in  assigning  a  foremost  place  to  some  re- 
marks on  the  belief  which  has  recently  taken  hold  upon  the  minds  of 
leading  men,  that  it  is  now  necessary  to  adopt  some  revised  estimate 
of  the  sun's  distance  from  the  earth.  The  precise  amount  of  the  re- 
duction to  be  made  in  the  hitherto-received  value  is  open  to  future 
determination,  but  concerning  the  general  fe^^t  that  some  correction  is 
requisite  there  seems  to  be  no  difference  of  opinion.  The  first  really 
public  announcement  at  any  considerable  length  is  due  to  Mr.  Hind, 
who  contributed  a  very  lucid  memoir  on  the  subject  to  *  The  Times '  in 
the  month  of  September  last.  For  our  present  purpose  no  more  is  re- 
quisite than  to  give  a  brief  recapitulation  of  the  matter  in  Mr.  Hind's 
own  words,  followed  by  a  few  general  remarks  on  two  of  his  heads 
which  appear  to  deserve  comment.  He  thus  sums  up : — "  A  diminu- 
tion in  the  measure  of  the  sun's  distance  now  adopted  is  implied  by — 
1st,  the  theory  of  the  moon  as  regards  the  parallactic  equation,  agreeably 
to  the  researches  of  I^rof essor  Hansen  and  the  Astronomer  Boyal ;  2nd, 
the  lunar  equation  in  the  theory  of  the  earth,  newly  investigated  by 
M.  Le  Yerrier ;  3rd,  the  excess  in  the  motion  of  the  node  of  the  orbit 
of  Venus  beyond  what  can  be  due  to  the  received  value  of  the  planetary 
masses;  4th,  the  similar  excess  in  the  motion  of  the  perihelion  of 
Mars  also  detected  within  the  past  few  years  by  the  same  mathematician ; 
5th,  the  experiments  of  M.  Foucault  on  the  velocity  of  light ;  and  6th, 
the  results  of  observations  of  Mars  when  near  the  earth  about  the 
opposition  of  1862." 

To  Encke  we  owe  the  best  discussion  of  the  observations  of  the 
transit  of  Venus  in  1769  :  he  determined  the  value  of  the  sun's  paral- 
lax to  be  8"'5776,  from  which  we  infer  the  earth's  mean  distance  from 
the  sun  to  be  95,283,115  miles.  Now,  the  time  occupied  by  a  ray  of 
light  reaching  the  earth  from  the  sun  is  known  very  exactly  to  be  8m. 
188.,  from  which  a  velocity  of  about  192,000  miles  per  second  is  de- 
ducible.  Foucault  of  Paris,  however,  by  the  optical  contrivance  of  a 
^  turning  mirror,"  due  to  Professor  Wheatstone,  has  concluded  that  this 
value  is  too  great ;  that  it  is  more  precisely  185,170  (English)  miles. 
Assuming  that  Foucault  is  right,  and  all  his  predecessors  wrong,  it  fol- 
lows that  the  solar  parallax  must  be  8"'86.  Two  most  singular  coin- 
cidences must  here  be  disposed  of.  (1)  The  theoretical  value  assigned 
by  Le  Verrier,  irrespective  of  all  instrumental  measurements,  and  purely 
on  physical  grounds,  is  8"'95 ;  and  (2)  The  discussion,  by  Stone  of  Green- 
wich, of  the  observations  of  Mars  (adverted  to  above  in  Mr.  Hind's 
6th  point),  taken  by  EUery  at  Williamstown,  Victoria,  N.  S.  W.,  give 
a  value  of  8''*93,  with  a  probable  error  of  only  0"*03.  Oombining  the 
foregoing,  we  find  that  three  different  observers,  working  in  three  most 
diverse  ways,  have  all  arrived  at  the  same  general  result,  and  more  than 
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this,  at  actual  eyalnations,  the  extremes  of  wldch  differ  only  by  the 
minnte  amount  of  0"*09.  Is  it  possible  for  ns  to  withstand  the  con- 
clusion that  our  estimations  so  long  adhered  to  must  sooner  or  later 
be  materially  *'  reconstructed,"  and  as  a  consequence,  that  those  por- 
tions of  our  treatises  involving  this  distance  must  be  unceremoniously 
pulled  to  pieces  and  built  up  again.  An  original  calculation  of  the 
mean  distance  of  the  earth  from  the  sun,  amended  according  to  Stone 
and  Ellery's  value  of  the  parallaz,  makes  it  91,512,649  miles.* 

Chiefly  in  consequence  of  the  larger  major  planets  being,  during 
the  past  autumn,  unfavourably  placed  for  observation,  we  have  little  to 
report  in  the  department  of  planetary  astronomy ;  the  inferior  con- 
junction of  Yenus  on  Sept.  28,  is  the  only  phenomenon  of  importance 
which  has  happened,  and  none  of  the  observations  which  have  as  yet 
come  under  our  notice  contain  any  features  calling  for  special  remark. 

The  already  very  long  list  of  minor  planets  has  received  one 
addition  due  to  the  labours  of  Mr.  Watson,  director,  in  succession 
to  Brunnow,  of  the  Observatory  of  Ann  Arbor,  Michigan,  F.8.A. 
This  planet,  which  takes  the  ordinal  number  of  79,  was  found 
on  Sept.  14,  shining  as  a  star  of  the  tenth  magnitude.  The  fol- 
lowing provisional  elements  have  been  determined  by  M.  AU^,  of 
Frague.f 

Epoch  186S,  Oct.  4-0,  Berlin  M.  T. 

•     =     23      0    54-50 


Mean  Longitade     .     • 
liongitnde  of  Perihelion 
Ascending  Node     •     • 
Inclination  of  Orbit      • 

Log.  Mean  Distance     . 
Mean  Daily  Motion 


•     = 


206    80    SS^?}^®**^^*^®^ 
4    42    39-20 
11    18      9*8   wherefore 
Eccentricity  =  0194568 

0-3910464 
919"-2568 


The  new  planet  revolves  round  the  sun  in  an  orbit  slightly  larger 
than  Farthenope's.     It  has  not  yet  received  a  name. 

On  Nov.  13,  M.  Schmidt  of  Athens  discovered  another,  the  80th, 
in  the  constellation  Taurus.  It  shone  then  as  a  star  of  the  tenth 
magnitude,  but  fell  rapidly  more  than  a  whole  magnitude  in  less  than 
a  week  from  that  time. 

On  October  9  a  watchmaker  at  Leipzic,  sumamed  Backer,  had  the 
good  fortune  to  discover  a  small  telescope  comet,  which  Tempel  of 
Marseilles  found  independently  five  days  later. 

The  following  elements  are  by  M.  Romberg : — 

Perihelion  Faasage  ....=:  1868,  Dec.  27-70863  G.  M.  T. 

Longitude  of  Perihelion     .     .  =  180    17    53*4 1  Apparent  Eq. 

Longitude  of  Ascending  Node.  =:  104    51    28*8  f     Oct.  14*5 

Inclination  of  Orbit       .     .     .  =  82    16    29*4 

Perihelion  Distance       .     .     .  =  1*3550 

Heliocentric  Motion      ...  -  Direct. 

*  It  ahonld  be  remarked  that  parallactic  obBervations  of  Mars  are  not  gene- 
rally regarded  as  sosceptible  of  a  high  degree  of  accuracy,  and  that  therefore  we 
shall  have  to  wait  for  the  next  transit  of  Venus  (in  1874^  to  become  vodL  aeqwiinied 
with  the  precise  extent  of  the  required  diminution  of  distance. 

t  *  Astronomische  Naohrichten,'  November  18, 1868. 
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These  elements  bear  considerable  resemblance  to  those  of  Comet  ii. 
1818.  Hereafter  it  will  be  reasonable  to  inquire  whether  the  two 
bodies  are  identical,  thus  adding  another  'periodic'  comet  to  our  stock 
of  knowledge.  It  may  be  added  that  these  elements  are  not  wholly 
^iBHiniiliLr  to  those  of  Gomcts  i.  of  1840  and  iii.  of  1860;  neither 
should  the  singular  fact  be  passed  over  that  the  three  first  elements 
di£fer  but  11^,  12\  and  3^  from  the  corresponding  ones  of  the  Comet  i. 
of  1863. 

M.  Tempel  was  worthily  rewarded,  on  Nov.  4,  for  the  industry  he 
so  untiringly  displays,  by  discovering  another  comet,  one  yisible  to  the 
naked  eye,  and  therefore  more  than  usuaUy  interesting. 

The  following  elements  are  also  by  M.  Bomberg : — 

Perihelion  Paasage  .     .     .     .     =     1863,  Nov.  9*49923 

Lcmgitade  of  Perihelion     .     •  =r  94    46    10*6 

Longitude  of  Ascending  Node  =  97    81    15*2 

Incluiation  of  Orbit      .     .     .  =  78      6    46*5 

Perihelion  Distance      .     •     •  =  0*70656 

Heliocentric  Motion     •     •     •  -  Direct. 

At  the  time  of  its  discovery  this  comet  was  as  bright  as  a  star  of  the 
4th  magnitude,  and  it  had  a  short  tail.  As  its  perihelion  passage  pre- 
ceded that  of  Backer's  comet  it  becomes  Comet  iv.  of  1863,  the  latter 
being  Comet  v.  inverting  the  order  of  discovery.    Both  are  still  visible. 

Sidereal  astronomy  is  a  branch  of  the  science  which,  from  its  very 
nature,  makes  progress  less  rapidly  than  most  others.  Labourers  are 
here  fewer,  because,  in  many  important  respects,  instruments  equal  to 
the  work  are  somewhat  scarce.  Mr.  Lassell,  who  is  diligently  engaged 
in  scrutinizing  the  heavens  through  the  fine  atmosphere  of  Malta,  has 
communicated  to  the  Boyal  Society  an  interesting  note  on  the  well- 
known  planetary  nebula  in  Aquarius  (1  Jf  lY.  B.  A.  20h.  66m. ;  ^  11* 
66'  S.),  in  which  the  following  passages  occur : — "  With  comparatively 
low  powers  it  appears  at  first  sight  as  a  vividly  light-blue  elliptic 
nebula,  with  a  slight  prolongation  of  the  nebula,  or  a  very  faint  star 
at  or  near  the  ends  of  the  transverse  axis."  Under  high  powers  and 
the  most  favourable  circumstances,  "  I  have  discerned  within  the  ne- 
bula a  brilliant  elliptic  ring  extremely  well  defined,  and  apparently 
having  no  connection  with  the  surrounding  nebula,  which  indeed  has 
the  appearance  of  a  gaseous  or  gauze-like  envelope,  scarcely  interfer- 
ing with  the  sharpness  of  the  ring,  and  only  diminishing  somewhat  its 
brightnes&" 

To  the  same  Society,  on  Nov.  19,  Sir  John  Herschel  presented  a 
work,  which  will,  we  think,  equal  any  of  his  former  efforts.  We  alludd 
to  a  gigantic  catelogue  of  all  the  known  nebulee,  6,063  in  number, 
compiled  from  every  available  source.  Sir  John's  own  catalogue  of 
1833  furnishes  2,307  objects,  his  Cape  observations  1,713  more,  the 
residue  being  obtained  from  miscellaneous  sources.  The  epoch  chosen 
is  1860,  and  the  information,  arranged  in  twelve  columns,  furnishes, 
amongst  other  things,  constants  for  reduction  and  copious  synonyms. 
The  catalogue  is  at  present  only  in  manuscript,  but  we  trust  that  no 
more  time  than  is  absolutely  necessary  will  elapse  before  this  valuable 
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result  of  Sir  John  Herschers  indefatigable  research  is  published  to 
the  world. 

Stellar  parallax,  in  the  hands  of  M.  Kmger  of  Bonn,  has  yielded 
results  for  the  stars  21,258  of  Lalande's  Catalogne,  and  17,415  of 
Oltzen's  Zones.  To  the  former  he  assigns  a  parallax  of  0'''260,  with 
a  probable  error  of  +  0^*02,  and  to  the  latter  a  parallax  of  0''*247, 
with  a  probable  error  of  0"*021.  From  these  determinations  we  must 
infer  that  these  two  stars,  both  telescopic,  are  nearer  to  us  than  either 
Capella,  Fohutis,  Arcturus,  or  Sirius. 

Of  the  various  fields  of  active  work  open  to  amateur  astronomers, 
none  are  so  promising  as  observations  on  variable  stars.  The  task  is 
a  hard  one,  and  requires  unquestionably  great  patience  and  perseverance, 
but  to  those  endued  with  these  gifts  a  fine  future  is  open.  The  number 
of  known  variables  is  steadily  increasing,  and  now  exceeds  one  hundred, 
to  which  the  indefatigable  Pogson  of  Madras  has  added  another 
member  within  the  last  few  months.  He  designates  it  U.  Scorpii,  and  its 
place  for  1860  is  K.A.  16h.  14m.  26-6s.,  $  17°  33'  36"  S.  It  is  likely 
to  prove  an  object  of  particular  int^re^t,  havii^g  been  found  by  the  dis- 
coverer to  pass  through  three  entire  magnitudes  in  little  more  than 
one  month,  a  rapidity  of  change  only  known  to  be  equalled  by  three 
other  stars. 

Astronomical  photography,  in  the  able  hands  of  Mr.  Be  La  Rue  and 
the  Eew  observers,  is  making  steady  progress,  but  nothing  has  occurred 
during  the  period  over  which  our  survey  extends,  calling  for  particular 
notice. 

^  Solar  photometry  has  recently  received  important  development  in 
America  under  the  ingenious  manipulation  of  Mr.  Alvan  Clarke,  the 
well-known  optician.  A  well  of  adequate  depth'  not  being  at  his  dis- 
posal, he  made  use  of  a  horizontal  gallery  230  feet  long,  through  which 
the  sun's  rays,  on  a  very  clear  bright  day,  were  made  to  pass  by  the 
agency  of  a  prism  and  mirror  to  obtain  the  required  reflection.  He 
employed  a  lens  ^»^  of  an  inch  focal  length,  and  thus  reduced  the  sun's 
diameter  93,840  times,  when  it  presented  a  brilliancy  ^*  which  was 
estimated  at  scarcely  equal  to  a  LyrsB."  Mr.  Clarke  considers  that  ten 
per  cent,  loss  will  be  a  reasonable  allowance  for  the  reflections ;  and 
weighing  some  comparisons  of  a  Lyras  without  the  lens,  he  gives  it  as 
the  final  result  that  the  sun  would  have  to  be  removed  103,224  times 
its  present  distance,  for  it  to  appear  no  brighter  than  the  star  referred  to. 

No  review  of  this  character  can  be  complete  without  a  chronicle  of 
literary  intelligence,  and  we  shall  therefore  glance  cursorily  at  the 
performances  of  1863  and  the  promises  of  1864,  which  can  scarcely 
fail  to  be  useful  and  interesting.  An  important  reprint  has  been  issued 
in  France — a  work  by  the  celebrated  astronomical  king,  Alphonso  X. 
of  Castile.  It  is  divided  into  sixteen  parts,  commencing  with  a  cata- 
logue of  the  fixed  stars.  The  royal  author  then  treats  of  the  apparatus 
and  instruments  necessary  for  observing  the  stars  and  estreUas  nwvediroe^ 
or  planets.  Speaking  of  the  constellations,  he  says  of  Ursa  Major : — 
'*  Some  astronomers  have  taken  it  for  a  wain  with  its  pole,  others  say 
that  it  has  the  form  of  an  animal  which  might  as  well  be  a  lion,  a 
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wolf^  or  a  dog,  as  a  male  or  female  bear.  Here  then  are  heavenly 
ftniTniila  inhabiting  that  part  of  the  sky  where  this  constellation  is  to 
be  found,  and  recognized  by  ancient  astronomers  because  they  saw  four 
stars  in  a  square,  and  three  occupying  a  right  line.  They  must  have 
been  endued  with  a  better  eyesight  l£an  ours,  and  the  aky  must  have 
been  very  clear.  Since  they  say  it  is  a  she-bear,  let  it  be  one.  They 
were  very  lucky  in  being  able  to  distinguish  it."  King  Alphonso  was 
evidently  much  in  advance  of  his  age  to  speak  thus  slightingly  of  popular 
tradition ;  his  work  is  a  worthy  monument  of  his  energy  and  genius. 

Mr.  J.  B.  Hind  has  brought  out  a  third  edition  of  his  '  Introduc- 
tion to  Astronomy,'  which  is  decidedly  the  best  arranged  elementary 
TnnTiTial  in  the  English  or  any  other  language.  A  new  catalogue  of 
standard  stars  has  been  issued  from  the  Harvard  College  Observatory, 
Cambridge,  U.S.A.  It  is  a  compilation  of  right  ascensions  from  ihe 
best  catfJogues,  of  152  stars,  with  copious  constants  for  reduction, 
creditably  arranged  by  Mr.  Truman  Henry  Safford.  The  year  1863 
has,  amongst  other  events,  witnessed  the  successful  starting  of  what  is, 
as  &r  as  wo  have  been  able  to  ascertain,  the  first  purely  astronomical 
periodical  ever  issued  in  England.  The  'Astronomical  Begister' 
occupies  a  field  hitherto  a  wide  waste,  and  deserves  to  find  a  place  on 
every  astronomer's  table.  The  Bev.  B.  Main,  Badclifie  observer  at 
Oxford,  has  recently  published  a  *  College  Manual  of  Physical  Astro- 
nomy,' designed  for  ^e  use  of  students.  After  a  long  delay,  rendered 
necessary  by  the  discovery  of  certain  collateral  errors,  the  second 
portion  of  '  Bessel's  Zones '  has  just  been  published  in  a  handsome 
volume,  at  St.  Petersburg.  It  will  be  recollected  that  Bessel  observed 
a  large  number  of  stars  lying  between  IS*"  S.  and  45*"  N.,  down  to  the 
ninth  magnitude  inclusive;  his  observations  having  been  left  unre- 
duced, the  task  was  undertaken  by  the  St.  Petersburg  Academy  of 
Sciences,  which  entrusted  the  work  to  the  hands  of  M.  Weisse.  The 
first  portion,  comprising  ^1,085  stars,  lying  within  15<^  on  either  side  of 
the  equator,  was  given  to  the  world  in  1846  ;  but  the  second,  containing 
81,445  stars,  lying  in-  a  zone  extending  SO""  northwards  of  the  parallel 
of  15°,  for  reasons  above  stated,  did  not  appear  till  1863. 

At  the  head  of  literary  announcements  undoubtedly  we  must  place 
a  new  edition  of  Admiral  W.  H.  Smyth's  world-renowned  '  Cycle  of 
Celestial  Objects.'  This  book,  long  out  of  print,  being  constantly  asked 
for,  its  venerable  and  gallant  author  decided  some  time  since  to  reissue 
it  with  such  alterations  and  additions  as  twenty  years  made  requisite. 
The  new  edition  is  now  in  progress,  the  moro  laborious  part  of  it 
having  been  undertaken  by  the  Admiral's  accomplished  son-in-law, 
Mr.  Isaac  FUtcher,  of  Tarn  Bank,  Workington. 

Though  Mr.  Carrington  has  abandoned  the  observatory  for  the 
brewery,  his  important  Bedhill  rosults  will  nevertheless  be  made  avail- 
able,— so  &r  at  least  as  regards  his  solar-spot  observations,  which  aro 
now  in  a  forward  state  for  publication. 

The  Obituary  of  1863  happily  contains  no  moro  leading  names 
than  Edward  Josiah  Cooper  of  Markree,  Esq.,  and  ex-M.P.  for  the 
county  of  Sligo ;  Yirgilio  Trottenero  of  Padua ;  J.  W.  H.  Lehman  of 
Gottingen ;  and  M.  Weisse  of  Cracow. 
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The  attention  of  the  French  goyemment  has  been  called  to  some  ex- 
periments of  M.  Hooibrenk,  a  native  of  Holland,  for  obtaining,  by 
artificial  fecundation,  a  more  abundant  crop  of  oer^Js,  vines,  and  fruit 
trees.  These  experiments  have  been  carried  on  at  Sillery,  near  Eheims, 
on  the  property  of  M.  Jacquesson,  the  well-known  wine-grower.  They 
are  simple  and  inexpensive :  the  apparatus  employed  in  the  case  of 
cereals  being  a  cord  of  from  25  to  30  yards  long,  upon  which  is  fastened 
a  stiff  woollen  fringe,  about  ten  inches  in  length,  the  hanging  threads 
of  which  touch  one  another,  and  have  small  shot  attached  at  short  dis- 
tances. At  the  time  of  flowering,  this  apparatus  is  passed  over  the 
crop  so  as  to  brush  it  lightly,  an  operation  which  employs  three  per- 
sons, a  man  at  either  extremity,  and  a  child  to  hold  up  the  cord  at  the 
middle.  The  object  of  this  operation,  which  has  to  be  repeated  three 
times  at  intervals  of  about  two  days,  is  to  scatter  the  pollen,  and  bring 
a  larger  quantity  of  it  into  contact  with  the  pistils,  and  thus  to  ensure 
fecundation  on  a  larger  scale  than  is  done  by  the  ordinary  operations 
of  nature.  The  whole  apparatus  costs  only  five  or  six  frajics,  and  the 
labour  employed  is  also  very  cheap,  while  the  results  have  shown  a 
vast  increase  in  proportion.  A  modification  of  the  process,  as  applied 
to  vines  and  fruit  trees,  has  also  been  followed  by  marked  improve- 
ment in  the  crops ;  and,  as  a  consequence,  two  commissioners,  named  by 
the  Minister  of  Agriculture,  have  visited  the  scene  of  the  experiments 
during  the  past  summer,  and  as  they  have  been  carried  on  simultaneously 
with  the  ordinary  system  of  &rming,  a  comparison  of  the  results  shows 
the  advantages  given  by  the  "  Methode  Hooibrenk  "  as  follows  : — 


Hooibrenk  System, 

Old  System. 

Wheat    . 
Kye 

Barley    . 
Oats 

Kilogrammes. 
...      Ox         .       • 
«       .      •      ^0*0     •      • 

Kilogrammes. 
.     21 
•     16 
.     16 
.     12 

The  Commissioners  recommend  a  methodical  examination  into  the 
subject,  and  the  Emperor  has  decided  that  such  an  examination  shall 
take  place  on  the  imperial  fiEurms  of  Fouilleuse  and  Fontainebleau. 

Dr.  F.  Hildebrand,  of  Bonn,  observing  that  in  some  tropical  orchids, 
cultivated  in  the  botanic  garden,  he  found  no  ovules  in  the  ovarium  of 
the  expanded  flower,  and  that,  nevertheless,  he  saw  the  enlargement 
of  the  ovarium  after  having  applied  the  pollen  to  the  stigma,  hcus  been 
led  to  make  some  interesting  experiments  upon  this  curious  point, 
which  has  not  escaped  the  notice  of  previous  botanists.  Observations 
on  thirty  different  species  of  orchids  proved  that  in  the  recently  ex- 
panded flowers  of  orchids  the  ovules  are  never  fully  developed,  while 
in  some  species,  indeed,  even  the  placenta,  are  not  yet  fully  developed. 
After  the  application  of  pollen  to  the  stigma,  the  enlargement  of  the 
ovarium  begins,  and  before  the  pollen-tubes  reach  the  plaoent»  or 
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OTuleB.  The  tabes  of  pollen,  therefore,  have  no  direct  inflnenoe  upon 
the  original  development  of  the  oYnles,  but  they  act  first  on  the  enlarge- 
ment of  the  ovarinm,  and  by  this  enlargement  indirectly  on  the  ovules. 
Dr.  Hildebrand  deduces  from  all  his  experiments  that  in  the  formation 
of  the  fmit  of  orchids,  the  pollen  acts  in  two  different  ways  :  on  the 
one  hand  it  effects  the  enlargement  of  the  ovarium,  and  the  develop- 
ment of  the  imperfect  ovules  without  the  pollen  tubes  directly  touch- 
ing the  ovules ;  on  the  other  hand  it  impregnates  the  ovules,  directly 
touching  the  embryo-sac,  and  determining  the  development  of  one 
germinal  corpuscle  into  an  embryo.  This  independent  action  of  the 
pollen  upon  the  ovules  is  probably  not  peculiar  to  orchids,  although  it 
has  thus  been  noticed  in  that  family,  but  the  remarkable  facts  lately 
peinted  out  by  Darwin  in  his  *  Fertilization  of  Orchids,'  as  well  as 
those  just  referred  to,  bear  singular  testimony  to  the  acumen  of  the 
late  Itobert  Brown,  who  foresaw  that  a  patient  examination  of  the 
structure  and  action  of  the  remarkable  sexual  organs  of  this  family 
would  be  more  likely  than  any  other  means  to  elucidate  the  difKcult 
subject  of  generation  in  Phanerogamic  plants. 

A  remarkable  confirmation  of  Mr.  Darwin's  views  of  the  fertiliza- 
tion of  orchids  by  insects  is  afforded  by  a  South  A&ican  species  (Disa 
grandiflora),  described  in  the  recently  issued  Linnsdan  Journal.  None 
of  these  South  A&ican  species  have  hitherto  been  examined  in  relation 
to  their  manner  of  fertilization.  In  Disa  the  labellum  is  greatly 
reduced  in  size,  and  the  posterior  sepal  large,  forming  a  spur  containing 
nectar.  The  nectary  thus  stands  behind  the  stigma  and  pollen  masses, 
in  a  directly  opposite  position  to  that  which  it  occupies  in  other  orchids. 
Nevertheless,  fertilization  is  effected  by  insects,  by  a  veiy  slight  change 
in  the  form  of  the  two  upper  petals,  and  in  the  position  of  the  viscid 
discs  of  the  pollen  masses,  which  are  widely  removed  from  each  other, 
and  face  outwards  from  the  labellum  towards  the  margin  of  the  column. 
The  upper  sepal  and  two  upper  petals  enclose  the  column,  so  that 
insects,  to  reach  the  nectar,  are  compelled  to  approach  the  flower  in 
front ;  but  as  the  column  stands  in  the  way  of  the  nectary,  insects  must 
push  their  proboscis  or  head  on  either  side  of  it,  in  order  to  reach  the 
nectar.  In  Disa  the  caudides  of  the  pollinia  do  not  undergo  the 
movement  of  depression,  as  described  by  Mr.  Darwin,  in  most  British 
orchids,  but  the  caudicles  are  naturally  crooked.  In  this  plant  there- 
fore, notwithstanding  the  remarkable  difference  in  the  position  of  the 
nectary,  every  part  of  the  flower,  by  the  aid  of  very  slight  modifica- 
tions, has  become  so  neatly  co-ordinated  to  ensure  fertilization  through 
the  agency  of  insects.* 

In  connection  with  the  subject  of  fertilizing  processes,  a  remark- 
able arrangement  has  been  noticed,  by  F.  Cohn  of  Breslau,  in  thistles. 
The  five  anthers  cohere,  forming  a  tube.  At  the  time  of  fiowering 
this  tube  is  shut  in  at  the  top,  enclosing  the  style.    About  this  period 

*  It  may  be  mentioxied,  in  oonnectlon  with  the  interest  excited  by  orchidaceouB 
plants  of  late,  that  M.  F.  G.  Beer  has  lately  published  an  elaborate  work  at  Vienna, 
'On  the  Morphology  and  Biology  of  the  OrchldacesB ;'  and  some  remarks  by  Prof. 
Asa  Gray,  on  the  Fertilization  of  some  of  the  North  American  Orchids,  will  be 
fonnd  in  '  SiUiman's  Journal'  ibr  September  last 
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r*^  the  anther  tube  rises  to  about  four  millemetres  above  the  extreme 

points  of  the  corolla,  and  if  the  same  be  touched,  pollen,  in  lumps^ 
issues  from  the  summit,  the  anther-tube  at  the  same  time  undergoing 
a  remarkable  twisting.  After  a  short  interval  this  is  repeated.  The 
style  gradually  becomes  elevated  above  the  summits  of  the  anther- 
tube,  and  by  the  time  it  projects  about  four  or  five  millimetres  beyond, 
the  irritability  has  completely  disappeared,  having  lasted  at  the  most 
about  twenty-four  hours.  When  tiie  styles  are  visible  it  is  too  late 
for  instituting  experiments.  These  phenomena  are  produced  solely 
by  the  contraction  of  the  filaments  of  tiie  stamens,  which  on  each  touch 
instantly  contract,  and  after  a  little,  resume  their  former  length.  The 
expulsion  of  the  pollen  depends  upon  the  anther-tube  being  drawn 
downwards  upon  the  style  by  the  contracting  filaments,  and  then  pushed 
up  again. 

The  subject  of  the  functions  of  vascular  tissue  causes  some  difference 
of  opinion  among  botanists,  some  saying  that  although  containing  air 
at  most  seasons,  they  are  filled  with  sap  in  spring,  while  others  affirm 
that  when  once  formed  they  contain  only  air.  M.  Gris  has  applied 
Fehling's  solution,  which  deposits  a  red  precipitate  when  boiled  with 
a  veiy  small  quantity  of  glucose,  thus  indicating  the  presence  of  an 
essential  element  of  the  sap.  On  plunging  for  a  few  moments  into 
such  a  boiling  solution,  thick  fragments  of  the  wood  of  chesnut,  beech^ 
poplar,  laburnum,  &c.,  at  the  commencement  of  spring,  and  afterwards, 
cutting  thin  sections  for  the  microscope,  the  precipitated  oxide  of 
copper  is  found  clothing  the  inner  face  of  the  hurge  vessels,  and  form- 
ing reddish  threads  visible  to  the  naked  eye.  The  precipitate  is  also 
abundant  in  the  cells  of  the  medullary  rays,  whence  M.  Gris  concludes 
that  the  so-called  lymphatic  vessels  (at  all  events  in  spring)  contain  a 
sap  either  identicid  with,  or  closely  analogous  to,  that  found  in  the 
cellular  elements  of  these  stems.  The  spiral  fibres  of  the  reticulated, 
annular  and  spiro-annular,  and  other  similar  vessels  of  herbaceous 
plants,  also  present,  in  their  interior,  the  red  precipitate  when  similarly 
treated. 

With  regard  to  one  class  of  vessels  concerning  which  very  con- 
siderable modification  of  opinion  has  been  necessary  since  their  first 
discovery  by  Schultz,  viz.  the  laticiferous  tissue,  M.  Lestiboudois  has 
instituted  a  systematic  series  of  experiments,  the  results  of  which  he 
commimicates  from  time  to  time  to  the  *  Comptes  rendus.'  He  has 
established  beyond  doubt  the  existence,  in  certain  plants,  of  vessels 
containing  coloured  liquids,  and  that  these  vasa  propria  are  not  mere 
excavations  in  the  tissue,  permeated  by  a  thread  of  granuliferous  tissue, 
but  that,  though  probably  at  a  late  period,  a  delicate  wall  is  developed, 
which  constitutes  it  a  distinct  vascular  system,  though  not  in  all  points 
a  counterpart  of  that  of  the  blood-vessels  of  animals ;  nor  do  they  fulfil 
precisely  the  same  pxurpose.  While  not,  however,  regarding  the  contrao- 
tility  of  these  vessels  as  proved,  he  considers  that  he  indisputably 
makes  out  a  circulation  of  the  liquid  contents,  not  regularly  from  one 
point  to  another,  but  in  such  a  manner  that  ihe  granules  are  driven 
into  all  the  ramifications  of  a  more  or  less  complicated  network.     In. 
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addition  to  the  true  vessels  which  contain  the  proper  juices  of  plants, 
and  which  may  either  be  long  rigid  tnbules  without  anastomoses,  or 
thin  flexuose,  and  branching,  with  frequent  inosculations,  there  are 
certain  reservoirs  or  utricles,  and  others  in  the  form  of  intercellular 
passages  (or  meati),  which  present  themselves  in  the  form  of  sb'ghtlj 
branching  vessels,  constituting  now  and  then  a  sort  of  framework 
around  cells — and  some  of  which  are  simply  irregular  cavities  pro- 
duced by  laceration.  In  another  communication,  M.  Lestiboudois 
enlarges  on  the  subject,  and  adds  that  this  imperfect  vascular  fiystem  is 
not  met  trith  in  the  generality  of  plants,  nor  in  all  parts  of  the  plant 
in  which  they  occur — nor,  therefore,  is  the  laticiferous  juice  an  essen- 
tial element  in  the  growth  of  plants.  M.  Lestiboudois  refuses  to 
recognize  two  categories  of  coloured  juices,  essentially  differing  from 
one  another, — the  one  special,  scented,  and  excrementitial,  and  the 
other  vital  and  alimentary  ;  and  further,  is  of  opinion  that  the  tenns 
latex  and  laticiferous  vessels  should  be  abolished,  because  they  per- 
petuate an  erroneous  idea,  by  assigning  to  plants  those  centralized 
functions  which  they  do  not  really  possess,  but  which  are  peculiar  to 
animals. 

It  is  always  an  interesting  matter  to  receive  confirmation  of 
the  natural  affinities  of  structure  in  groups  which  have  already, 
from  a  general  community  of  characters,  been  arranged  by  botanists 
in  what  are  termed  nai^iral  orders;  and  the  researches  of  Mr. 
Grulliver  among  the  minute  crystals  called  raphides  existing  among 
the  tissues  of  some  plante  tend  to  this  result.  Mr.  Gulliver  has 
distinguished  the  acicular  crystals  (or  true  raphides)  from  another 
class  of  crystals  which  occur  among  Phanerogamia,  commonly  in 
a  more  or  less  globular  congeries,  either  naked  or  within  a  cell,  and 
which  he  proposes  to  call  Sphoeraphides.  The  distribution  of  this 
latter  class  of  crystals  appears  to  be  especially  characteristic  of  the 
GaryophyllaceaB,  Geraniaceie,  ParonychiaceaB,  LythracaB,  Sazifragesa, 
and  UrticacecB,  so  that  he  has  never  failed  to  find  them  in  a  single  spe- 
cies of  these  orders.  But  inasmuch  as  he  further  believes  that  few,  if 
any,  orders  could  be  named  in  which  SphsBraphides  do  not  exist,  it  is 
questionable  how  far  they  might  be  available  as  botanical  characters. 
With  true  raphidian  tissue,  however,  the  case  is  different ;  they  occur 
BO  regularly  and  plentifully  in  some  plants,  and  so  sparingly  or  not  at 
all  in  others,  that  they  afford  good  characters  by  which  certain  orders 
may  be  readily  distinguished  from  their  allies  of  other  orders.  Thus 
if  we  confine  the  word  raphides  to  the  needlelike  crystals  commonly 
occurring  in  bundles,  it  may  be  the  expression  of  a  more  universfd 
diagnosis  between  such  orders  as  the  OnagracesB  and  their  next  allies 
(and  yet  no  less  simple  and  sure),  than  any  single  character  hitherto 
employed ;  and  we  could  determine  the  affinities  and  contraste  of 
certain  plants  by  a  method  at  once  easy  and  practical,  and  in  the  ab- 
sence of  those  parte  heretofore  exclusively  used  for  the  descriptive 
distinctions.  Mr.  Gulliver  speaks  in  a  later  communication  thus 
strongly : — "  No  other  single  diagnosis  for  the  orders  in  question  is  so 
simple,  fundamental,  and  universal  as  this ;  and  the  orders  to  which 
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it  applies  ehoiild  be  designated  raphis  hearing  or  raphidiferous. 
Besides  OnagracesB,  DioscoracesB,  Araceae,  and  Asparagaceao  are 
spoken  of  as  truly  rapbidiferons  orders. 

M.  B.  Corenwinder  has  been  making  a  series  of  observations  upon 
the  expiration  of  leaves  by  day  and  night.  He  finds  that  the  amount 
of  carbonic  acid  exhaled  at  night  varies  with  the  temperature  and 
ceases  at  zero ;  nor  is  the  property  of  absorbing  carbonic  acid  and 
again  decomposing  it  found  in  very  young  leaves  and  buds.  Adult 
leaves,  however,  never  exhale  carbonic  acid  in  the  open  air,  and  when 
they  receive  a  fnU  supply  of  light  from  all  parts.  The  question 
whether  leaves  coloured  red,  brown,  or  purple,  possess  the  same  pro- 
perties as  green  leaves,  has  also  occupied  his  attention,  and  he  asserts 
that  they  differ  in  nothing  from  green  plants  in  regeord  to  the  pro- 
perty of  absorbing  carbonic  acid  under  the  influence  of  light,  and  ex- 
haling it  in  darkness.  It  is  therefore  inexact  to  say,  in  an  absolute 
manner,  that  it  is  by  their  green  parts  that  leaves  decompose  carbonic 
acid  under  the  influence  of  sunlight. 

The  abundance  of  minute  organisms  found  at  deep-sea  bottoms  in 
the  Atlantic  and  elsewhere,  and  the  remarkable  factB  disclosed  by  Dr. 
Wallich*s  deep-sea  soundings  in  the  exx>edition  of  Capt.  M'Clintock, 
gave  some  colour  to  the  idea  that  the  vegetable  Diatomaceas  exist  in  a 
living  state  at  great  depths,  and  Dr.  Stimpson,  an  energetic  young 
naturalist  connected  with  the  Smithsonian  Institution  at  Washington, 
who  examined  the  specimens  taken  at  the  depth  of  2,700  fathoms,  in 
latitude  46  N.  and  longitude  168  E.,  by  Lieutenant  Brooke,  found 
some  startling  appearances.  The  armature  consisted  of  three  quills, 
each  about  three  inches  in  length,  &stened  together,  and  placed  in  such 
a  position  that,  when  the  lead  struck  the  bottom,  the  quills  would  be 
forced  perpendicularly  into  it,  and  thus  become  filled  with  mud  from 
a  stratum  a  few  inches  below  the  general  surface  of  the^  sea-bottom. 
One  of  these  quills,  cui  in  two  in  the  middle,  contained  Diatoms,  appa- 
rently Coscinodisci,  which  appeared  to  Dr.  Stimpson  to  be  undoubt- 
edly living,  judging  from  their  fresh  appearance  and  the  colours  of 
their  internal  cell-contents.  Dr.  Wallich,  however,  argues  that 
although  the  soft  parts  are  retained  in  specimens  obtained  from  ex- 
treme depths,  they  differ  materially  both  in  aspect  and  quality  from 
those  of  Diatoms  known  to  be  living.  Such  Diatoms  never  present 
a  trace  of  locomotion,  which  is  so  tenaciously  retained  by  Diatoms 
under  all  other  circumstances.  Moreover,  the  Coscinodisci,  which 
constitute  the  largest  proportion  of  Diatoms  found  in  deep-sea  depo- 
sits, are  essentially  inhabitants  of  shoal  water.  They  do  not  live  im- 
bedded in  mud,  but  the  upper  waters  teem  with  their  frustules.  Dr. 
WaUich  therefore  inclines  to  answer  the  question  decidedly  in  the 
negative. 
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IV.  CHEMISTEY. 

In  commencing  the  Chronicles  of  the  progress  of  Science  for  the 
last  few  months,  it  becomes  necessary  to  exercisie  considerable  care 
in  the  choice  of  subjects  to  be  mentioned,  so  as  to  avoid  on  the  one 
hand  the  omission  of  anything  likely  to  interest  a  large  section  of 
our  readers,  and  on  the  other  hand  to  keep  our  pages  from  being 
overburdened  with  a  mass  of  facts,  important,  no  doubt,  to  the  student 
of  one  special  science,  but  of  no  interest  to  those  outside  the  circle. 
This  precaution  is  especially  necessary  in  a  science  like  Chemistry, 
in  which  not  only  does  every  month  bring  forth  new  discoveries,  but 
every  week — nay,  every  day  is  marked  by  some  valuable  fact.  Our 
readers  must  not  therefore  expect  to  find  every  fact,  even  those  most 
important,  recorded  in  these  chapters,  but  it  will  at  the  same  time  be 
our  endeavour  so  to  select  our  topics  as  to  constitute  these  pages  a 
truthfdl  mirror  of  the  general  progress  of  Science. 

There  have  been  few  periods  more  fruitful  in  important  chemical 
discoveries  than  that  comprised  within  the  last  few  months.  Two  new 
metals  have  been  announced  as  belonging  to  the  already  numerous 
&mily  of  elementary  bodies,  one  of  which  has  been  literally  brought 
to  light  by  spectrum  analysis — that  powerful  analytical  process  which 
has  already  given  us  caesium,  rubidium,  and  thallium.  The  new  arrival 
is  due  to  the  labours  of  two  German  chemists,  F.  Beich  and  T.  W. 
Bichter.*  They  were  examining  some  impure  chloride  of  zinc  obtained 
from  two  Freyberg  ores,  in  the  expectation  of  finding  thallium  present. 
In  the  spectroscope  no  green  line  was  seen,  but  the  authors  remarked 
an  indigo  blue  line,  which  was  till  then  unknown.  Upon  isolating 
the  conjectural  substance  in  the  form  of  chloride,  they  found  that 
it  gave  this  blue  line,  so  brilliantly  sharp  and  persistent,  that  they 
at  once  came  to  the  conclusion  that  it  belonged  to  a  hitherto  unrecog- 
nized metal,  to  which  they  accordingly  gave  the  name  indium.  In 
their  memoir  the  authors  give  the  characteristic  properties  of  the  new 
metal,  which  appears  somewhat  to  resemble  zinc,  and  describe  several 
of  its  compounds.  The  discovery  has  been  confirmed  by  other  chemists 
of  eminence,  and  there  now  appears  to  be  no  doubt  whatever  as  to  its 
accuracy.  The  same  cannot  be  said  respecting  the  new  metal  claimed 
by  M.  J.  F.  Bahr.!  In  the  analysis  of  a  highly  complicated  mineral, 
from  the  island  of  Bousholn,  containing  necurly  all  the  metals  of  the 
aluminium  group,  the  author  obtained  about  1  per  cent,  of  what  he 
supposed  was  a  new  addition  to  this  numerous  family.  He  pro- 
poses for  it  the  name  of  w(mwn.  The  existence  of  wasium  as  a 
simple  body  has  been  since  disputed  by  M.  Nickl^s,  }  who  asserts  it  to 
be  a  mixture  of  the  known  bodies  yttrium,  didymium,  and  terbium. 

*  '  Journal  fiir  praktische  Chemie,*  bd.  Ixxxix.  p.  441. 
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The  already  known  elementary  bodies  are  being  gradually  brought 
within  the  domain  of  spectrum  analysis.  Phosphorus,  which  has  been 
long  known  to  communicate,  under  some  circumstances,  a  green  colour 
to  flame,  has  been  shown  by  MM.  Christofle  and  Beilstein  *  to  possess  a 
yery  definite  spectrum,  consisting  of  three  distinct  greenHnes.  This 
new  test  is  likely  to  be  of  considerable  use,  as,  by  its  means,  this  dele- 
terious body  has  been  shown  to  exist  in  many  samples  of  good  com- 
mercial iron,  which  were  supposed  to  be  free  from  this  impurity. 

Our  knowledge  of  the  recently  discovered  element,  csdsium,  has  been 
greatly  enlarged  by  its  discoverer  Bunsen.!  For  the  original  isolation 
of  this  interesting  alkali,  nearly  100,000  lbs.  of  the  mineral  water  of 
Diirkheim  were  evaporated  down,  yielding,  however,  only  30  to  40 
grains.  He  has  since  determined  the  atomic  weight  to  the  metal  with 
great  accuracy  upon  a  somewhat  larger  quantity,  and  has  obtained 
the  same  number  as  those  given  by  Messrs.  Johnson  and  ADen,  { 
namely  133. 

M.  Eose  has  announced  a  no  less  important  discovery  than  that  of 
an  entirely  new  series  of  metallic  oxides.  §  In  his  memoir  he  pro- 
poses a  new  nomenclature  which,  were  it  generally  adopted,  would  be 
of  great  convenience  to  chemists.  The  new  series,  which  he  has  dis- 
covered, consists  of  1  of  metal  with  i  of  oxygen,  and  this  he  proposes 
to  call  quadranioxide ;  the  compound  of  1  of  metal  with  i  of  oxygen, 
variously  named  the  suboxide  or  the  protoxide,  he  proposes  to  call 
semioadde  ;  the  compound  of  equal  atoms  of  metal  and  oxygen  he  calls 
isoxide ;  the  compound  of  1  of  metal  to  1^  of  oxygen  retains  its  name, 
seequioxide ;  whilst  the  ordinary  binoxide  is  called  the  diploxide. 
Only  one  quadrantoxide  has  as  yet  been  formed  and  analysed,  but 
reasons  are  given  for  supposing  that  the  suboxide  of  silver  is  really 
the  quadrantoxide,  and  it  is  very  probable  that  quadrantichlorides 
of  the  alkali  metals  are  also  known.  As  might  be  expected  from  their 
composition,  these  new  oxides  are  difficult  to  prepare,  and  are  easily 
decomposed. 

The  mysterious  body  ozone,  respecting  which  so  much  has  been 
done  but  so  little  is  known,  is  still  occupying  the  attention  of  chemists. 
Schonbein  has  already  shown  that  this  body  is  formed  when  evapora- 
tion takes  place,  and  M.  Morin  ||  considers  that  the  good  effects  ob- 
served when  wa4;er  is  artificially  evaporated  during  the  ventilation  of 
rooms,  may  be  due  to  the  formation  of  a  certain  quantity  of  ozonized 
oxygen.  English  writers  on  Ventilation  always  advocate  the  intro- 
duction of  a  certain  amount  of  moisture  into  the  air  supplied  to  inha- 
bited places,  and  this  has  been  well  carried  out  in  the  ventilation  of 
the  Houses  of  Parliament. 

Few  chemical  manufactures  have  been  developed  so  much  of  late 
years  as  that  of  the  barium  compounds,  and  its  prospective  applications 
are  most  numerous  and  important,  although  at  the  present  day  their 
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use  seems  to  be  confined  to  the  manu&cture  of  green  fire.  M.  Eubl> 
mann  has  lately  entered  very  largely  into  the  manufacture  of  different 
compounds  of  barium,  with  a  yiew  to  their  commercial  introduction. 
The  absorption  of  oxygen  from  the  air  by  red-hot  baryta,  and  its  sub- 
sequent release  at  a  higher  tempei'ature,  in  the  form  of  pure  gas,  could 
be  made  of  the  greatest  importance  to  metallurgical  and  furnace 
chemistry.  A  cheap  method  of  making  peroxide  of  barium  would 
place  us  in  possession  of  the  valuable  peroxide  of  hydrogen,  which 
would  be  of  incalculable  use  as  a  disinfectant,  and  also  in  many  manu- 
fiicturing  processes.  To  the  industrial  chemist  cheap  caustic  baryta 
would  entirely  revolutionize  the  alkali  manufacture,  whilst  for  many 
purposes  it  would  supersede  the  ordinary  alkalies.  In  the  manufac- 
ture of  crystal-glass,  lead,  the  most  costly  ingredient,  could  be  even 
now  economically  replaced  by  a  barium  compound,  provided  a  few 
preliminary  difficulties  were  overcome.  Nitrate  of  baryta  can  also  be 
economically  employed  in  the  preparation  of  blasting  powder ;  the 
chromates  of  baryta  can  in  many  cases  replace  the  more  costly  chro- 
mates  of  potash,  and  the  same  may  be  said  of  the  ferrocyanides,  all  of 
which  are  largely  used  in  dyeing.  These  are  some  of  the  more  important 
applications  of  this  earth,  but  an  immense  number  of  minor  uses  has 
also  been  proposed,  and  there  is  little  doubt  that  it  will  shortly  become 
as  valuable  in  industrial  as  it  already  is  in  analytical  chemistry. 

The  extraordinary  prolificness  of  some  organic  chemists  in  the 
discovery  of  new  bases,  will  cease  to  be  surprising  after  the  perusal  of 
a  paper  by  Mr.  Broughton,*  in  which  it  is  shown  that  the  known 
general  processes  for  their  formation  are  competent  to  produce  several 
sextiUions  of  new  ammonias.  As  most,  if  not  all,  of  these  compounds 
only  require  for  their  production  certain  known  agents  to  be  placed  in 
contact,  it  is  evident  that  chemists  need  not  debar  themselves  from  the 
title  of  original  discoverers  for  lack  of  virgin  soil  on  which  to  work. 

The  value  of  the  element  bromine  in  the  arts  and  manufactures  is 
daily  increasing,  and  were  its  price  reduced,  its  importance  in  many 
industrial  operations  can  scarcely  be  over-estimated.  Hitherto  the 
only  source  has  been  sea-water,  where  it  exists  in  the  form  of  bromide 
of  magnesium,  one  part  of  this  salt  being  dissolved  in  100,000  parts 
of  water.  Becent  experiments,  by  M.  Boux,*!*  show  that  the  water  of 
the  Dead  Sea  is  more  than  100  times  richer  in  bromine  than  ordinary 
sea-water.  Already  we  hear  of  proposals  for  the  establishment  of  a 
factory  near  the  Dead  Sea,  for  the  separation  of  this  element.  It  is 
much  to  be  desired  that  this  inexhaustible  store  of  so  valuable  an  agent 
should  be  utilized. 

Perhaps  the  most  important  point  to  determine  in  the  analysis  of  a 
drinking  water  is  the  presence  of  nitric  acid,  as  this  body  is  so  closely 
connected  with  putrescent  organic  matter.  Hitherto,  however,  few 
chemists  take  note  of  it,  owing,  doubtless,  to  the  difficulties  which 
beset  its  detection  when  very  dilute.     Mr.  B.  Eestings}  has  now 
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Bhown  tbat  the  alkaloid  bracine  is  a  most  delicate  test  for  nitric  add, 
being  coloured  rose-red  by  water,  containing  only  the  100,000th  part. 
It  is  to  be  hoped  that  more  attention  will  in  fiitnre  be  paid  to  the 
varying  proportions  of  this  acid  in  potable  water,  and  that  the  warn- 
ings given  by  its  presence  will  not  be  disregarded. 

The  subject  of  pure  water  for  household  purposes  is  so  important 
that  we  again  recur  to  it,  to  notice  an  invention  of  Dr.  H.  Schwartz, 
which  appears  to  remedy  perfectly  the  effects  of  the  employment  of 
load  pipes  and  cisterns.  He  converts  the  inner  surface  of  ^e  metal 
into  an  insoluble  sulphide  by  boiling  in  it  a  solution  of  sulphur  in 
soda.  The  result  is  that  the  water  is  perfectly  kept  from  contact  with 
the  metal,  and  will  be  as  free  from  contamnation  as  if  it  had  been 
passed  through  a  glass  pipe. 

Some  curious  results  of  the  inhalation  of  the  vapour  of  glonoine 
(an  oil  obtained  by  the  action  of  nitric  acid  on  glycerine)  have  been 
given  by  Mr.  Merrick.*  It  has  long  been  known  tiiat  this  body  pro- 
duces violent  headache,  but  these  experiments  show  that  it  is  a  most 
powerful  agent  in  its  physiological  action.  In  one  case  the  fortieth 
part  of  a  drop  dissolved  in  spirit  was  swallowed  on  a  piece  of  sugar. 
In  two  minutes  the  pulse  had  risen  considerably,  being  accompanied 
with  a  violent  headache.  This  continued  for  nearly  half-an-hour, 
when  the  symptoms  passed  off.  At  another  time,  when  a  quantity  of 
vapour  was  accidentally  inhaled,  the  headache  became  almost  intolerable, 
and  was  accompanied  by  a  good  deal  of  faintness  and  exhaustion,  in- 
tolerance of  light,  and  a  feeling  of  great  general  distress  and  alarm. 
The  violent  toxical  effects  show  that  glonoine  is  a  powerful  poison, 
and,  like  most  agents  of  this  kind,  will  doubtless  be  employed  in 
medicine. 

The  application  of  gun-cotton  as  a  substitute  for  gunpowder  in 
warfare  has  occupied  the  attention  of  a  committee  of  scientific  men 
for  some  time  past.  General  Yon  Lenk,  of  the  Imperial  Austrian 
Artillery,  has  invented  a  system  of  preparation  by  which  gun-cotton 
has  been  made  practically  available  for  warlike  purposes.  The 
committee  have  had  the  advantage  of  personal  communication  with 
the  General,  and  in  the  report,  which  will  shortly  be  issued,  an  ab- 
stract of  which  having  been  communicated  to  the  British  Association  at 
Newcastle,  we  are  promised  a  vast  amount  of  information  of  the  most 
important  character.  General  Yon  Lenk  has  shown  that  perfect  gun- 
cotton  is  a  definite  chemical  compound ;  he  has  given  accurate  pro- 
cesses for  its  manufacture,  and  for  the  removal  of  ^  extraneous  matter 
and  traces  of  free  acid.  As  thus  prepared,  it  is  no  longer  liable  to 
spontaneous  combustion,  it  can  be  stored  for  any  length  of  time  with- 
out deterioration,  it  is  not  impaired  by  damp,  and  may  be  immersed  in 
water  without  injury,  its  original  qualities  returning  unchanged  when 
allowed  to  dry  in  the  air.  These  are  valuable  properties,  and  when 
we  add  to  them  the  absence  of  smoke,  the  entire  freedom  from  foul- 
ing, the  innocuous  character  of  the  products  of  combustion  in  com- 
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pariBon  with  thoBO  of  gunpowder,  and  the  far  inferior  heat  imparted  to 
the  gnn  itself,  it  will  be  seen  that  the  advantages  attending  the  employ- 
ment of  gon-cotton,  are  bo  many  and  so  important  as  to  call  impera- 
tively for  the  fdllest  investigation. 

From  gon-cotton  to  armour-plated  ships  is  a  natural  transition  in 
these  warlike  days.  Science  seems  to  be  at  fault  on  the  subject  of  the 
preservation  of  iron  plates  from  oxidation  and  fouling.  One  of  the 
best  processes,  that  has  yet  come  under  our  notice,  is  due  to  Messrs. 
Johnson  and  Calvert.  They  propose  to  coat  the  iron  with  a  thin  layer 
of  metallic  zinc,  as  in  the  ordinary  process  of  galvanizing.  Their 
results  prove  that  the  film  of  zinc  exercises  a  great  protective  power 
against  the  corrosive  action  of  sea-water ;  upwards  of  a  year's  ex- 
posure showing  that  four  or  five  times  as  much  corrosion  took  place  in 
the  case  of  uncoated  as  with  galvanized  iron  plates.  Whether  galva- 
nizing would  prevent  fouling,  remains  to  be  seen ;  we  suspect  it  would 
rather  aggravate  this  evil. 


V.    GEOLOGY  AND  PALiEONTOLOGY. 

Thsbe  is  perhaps  more  difficulty  in  describing  the  periodical  progress 
of  Geology,  tlum  there  is  in  recording  that  of  any  other  science. 
The  exactitude  of  the  advance  is  less  decided,  the  views  set  forth  more 
speculative,  and  the  facts  given  more  open  to  objection  or  discussion, 
than  is  the  case  in  any  other  department  of  intellectual  investigation. 
In  Chemistry,  the  discovery  of  an  element  or  of  some  previously  un- 
known compound,  gives  a  fixed  and  tangible  point  from  which  to  go 
onward  to  further  knowledge.     Every  step  is  a  permanent  score  in  the 
continuous  tally.     So  the  discovery  of  a  comet  or  a  planet,  or  a  nebula, 
or  more  exact  measurements  of  angles,  or  of  distances,  or  tibe  detection 
of  errors  of  observation,  or  calculations  or  the  revelations  of  increased 
telescopic  powers,  all  yield  for  Astronomy  definite  and  incontrovertible 
results,  and  it  is  only  in  the  special  sphere  of  absolutely  speculative 
Astronomy,  that  there  is  any  uncertainty  whatever.     So,  too,  in  Botany, 
a  new  flower,  or  a  flora  of  some    previously    unnoticed  region,  is 
so  much  substantially  added  to  the  previous  Imowledge,  so  much  gain 
which  can  be  appreciated  and  recorded.     But  in  Geology,  we  have  to 
deal  with  the  rags  and  shreds  of  former  ages  and  former  beings, 
nothing  whole  or  entire, — every  relic  has  to  be  dug  out  of  the  dSbris 
and  ruins,  which  we  have,  as  it  were,  first  to  clear  away  before  we  can 
get  a  glimpse  of  any  treasures  remaining  beneath,  and  when  we  find 
these  &ey  are  damaged  and  mostly  broken  fragments  which  we  have 
to  join  and  fit,  and  put  together,  to  get,  in  the  best  way  we  can,  some 
general  notion  of  what  they  originally  were.     Thus  it  is  a  new  geo- 
logical idea  gets  started,  and  is  discussed,  opposed,  supported,  until 
finally  substantiated  or  disproved ;  in  short,  it  is  only  after  a  contest ' 
that,  generally  speaking,  any  progress  in  this  science  is  admitted.  *  In 
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a  quarterly  smnmary  of  the  nature  of  the  present  article,  there  must 
necessarily  therefore  be,  as  a  rule,  less  definiteness  and  more  hesitation 
and  uncertainty  than  one  would  wish,  but  notwithstanding  this  in« 
herent  difficulty  in  the  task,  it  is  perfectly  possible  to  give  a  concise 
and  clear  account  of  what  is  new  and  what  is  changing ;  but  it  must  be 
more  or  less  the  newness  of  theories  as  well  as  of  &cts,  bearing  always 
in  mind  that  geological  facts  are  first  provisionally  accepted  on  the 
reliability  of  the  observer,  and  are  often  open  not  only  to  questioning 
but  to  reversal.  Thus  for  many  years  the  older  crystalline  or  meta- 
morphic  rocks  were  regarded  as  owing  their  characteristic  structure 
to  their  contact  with  other  heated  or  so-called  igneous  rocks, — such  as 
granite  was  supposed  originally  to  have  been,  constituting  the  lower 
zone  at  least  of  the  crust  of  the  planet  we  inhabit. 

For  some  time  past,  some  of  our  most  acute  and  practical  geolo- 
gists have  more  than  doubted  the  old  doctrines,  and  our  own  Sorby, 
by  detecting  the  existence  of  steam-bubble  cavities  in  granite,  decisively 
proved  that  dry  heat  had  not  been  the  cause  of  its  crystalline  change. 
Dr.  Bubidge,  who  has  done  so  much  good  geological  work  at  the  Cape 
of  Grood  Hope,  also  years  before  threw  doubts  on  the  heai-origin  of  the 
changes  exhibited  by  the  metamorphic  rocks,  by  stating  the  occur- 
rence, in  the  district  of  Port  Elizabeth,  of  intercalated  metamorphosed 
strata  with  unchanged  sedimentary  beds  above  and  below  them.  Such 
examples  have  since  been  from  time  to  time  not  unfrequently  timidly 
recorded,  but  they  are  now  being  more  boldly  noticed.  Dr.  EQtchcocky 
very  lately  speaking  of  the  granites  of  Maine,  in  the  Northern  States 
of  America,  regarded  the  old  theory  that  granite  was  once  melted 
matter  thrust  into  every  crack  of  the  overlying  strata  as  erroneous, 
and  substitutes  the  aqueo-igneous  explanation  of  a  plasticity  of  the 
original  materials  by  means  of  steam,  the  primal  structure  of  the  rock 
being  thus  obliterated,  and  a  new  crystalline  condition  induced.  He 
thinks  that  granite  may  thus  have  been  formed  out  of  schists,  and  these 
originally  from  shales  and  sandstones,  and  contends  that  it  is  "  only 
an  example  of  metamorphism  carried  to  its  utmost  limit — carried  far 
enough  to  obliterate  all  traces  of  stratification,  foliation,  and  lamina- 
tion." Observation,  he  farther  claims,  shows  that  granite  does  not 
always  constitute  the  axes  of  mountains,  but  that  it  lies  between  strata, 
and  instead  of  having  been  the  agent  by  which  they  have  been  lifted 
up,  it  has  partaken  of  the  general  movements  which  have  resulted  from 
general  causes.  In  York  and  Oxford  counties,  in  Cumberland,  and 
Franklin,  he  notices  the  intermixture  of  granite  with  bands  of  sedi- 
mentary strata,  and  constantly  speaks  of  it  as  '*  comporting  itself  like 
a  stratified  rock.'*  That  of  Buckfield  is  mostly  in  the  form  of  large 
beds  and  veins,  and  at  Woodstock  mica-schist  is  seen  lying  beneath  it. 
Again,  in  the  south-eastern  counties  of  Maine,  granite  at  the  south 
end  of  BluehiU  Neck,  overlies  strata  of  gneiss  and  mica-schist ;  and 
in  the  Kennebec  region  it  is  said  that  in  one  of  the  HallowcU  quarries 
there  are  twenty-six  different  sheets,  varying  from  eight  inches  to  four 
feet  in  thickness,  and  that  '*  these  sheets  are  arranged  like  strata."  In 
Canada,  too,  even  the  granites  of  the  Lamentian  and  Lower  Silurian 
age  appear  in  every  case  to  be  indigenous  strata  altered  in  «t/u,  and 
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still  retaining  eyidences  of  their  former  stratification.  These  instances 
might  be  greatly  multiplied  not  only  in  the  American  States,  but  by 
nmnerons  examples  in  Enrope,  and  probably  by  some  in  our  own  islands. 
Indeed  nowhere  is  there  any  eyidenee  of  the  hypothetical  granitic  sub- 
stratum which,  in  even  not  yet  very  ancient  treatises  on  Geology,  we 
were  taught  to  believe  constituted  the  ^'  backbone  of  the  earth."  Even 
one  such  example  of  interstratification  would  have  gone  far  to  throw  a 
doubt  upon  the  purely  igneous  origin  of  granite,  but  when  instances 
become  so  multiplied  the  doctrine  seems  no  longer  tenable.  Dr.  Hitch- 
cock argues  forcibly  against  it.  The  diy  heat,  he  contends,  that  would 
be  required  to  keep  granite  melted  must  be  intense,  for  it  residts  the 
most  powerful  blast-fomaces,  and  even  if,  as  melted  matter,  it  were 
injected  in  close  contact  with  the  cold  walls  of  fissured  rock,  it  must 
have  cooled  before  it  had  time  to  penetrate  all  the  narrow  crevices  in 
which  it  is  found  in  the  form  of  veins.  Again  he  urges  that,  if  crys- 
tallized from  such  fusion,  the  quartz  would  have  been  consolidated  and 
crystallized  first,  because  it  is  less  fusible  than  the  mica  and  feldspar  ; 
instead  of  which  its  condition  in  the  structure  of  granite  shows  it  to 
have  been  the  last  consolidated  of  the  ingredients,  for  if  anyone  ex- 
amines a  piece  of  granite,  he  will  see  the  crystals  of  mica  and  feldspar 
are  often  perfect,  while  those  of  quartz  are  never  so.  The  quartz  is 
always  in  the  amorphous  state,  and  the  sharp  crystals  of  mica  and  feld- 
spar seem  to  cut  into  it,  as  is  beautifully  seen  in  graphic  granite — an 
appearance  which  cannot  be  accounted  for  in  any  other  way  than  that 
the  mica  and  feldspar  crystals  were  formed  first,  and  that  the  quartz 
subsequently  filled  up  the  interstices.  But  such  an  admission  is  fatal  to 
the  doctrine  of  a  cooling  down  from  fusion  by  dry  heat  because,  in  that 
case,  the  quartz  should  have  been,  as  we  have  said,  the  first  to  crystal- 
lize. Moreover,  that  granite  contains  not  a  few  hydrated  minerals, 
or  such  as  contain  water  in  their  composition,  is  another  fact  telling 
also  against  the  old  opinions. 

In  the  matter  of  metamorphic  rocks  Mr.  Sterry  Hunt  has  also  been 
continuing  those  valuable  theoretical  and  practical  researches  of  which 
he  gave  us  two  instalments  in  1858  and  1859.  Those  articles  were 
remarkable  for  the  great  ability  of  his  attempts  to  indicate  the  ages 
of  granites  by  the  amounts  of  soda  or  potash  they  contained,  and 
during  the  present  year  he  has  given  to  the  world  another  elabo- 
rate paper,  read  before  the  Dublin  Geological  Society,  on  the  chemical 
and  mineralogical  relations  of  the  metamorphic,  or,  as  they  have  been 
as  commonly  called,  the  crystalline  primitive  rocks.  It  is  not  indeed 
80  very  long  since  iJl  rocks  of  this  character  were  included  in  the  com- 
mon designation  of  primitive,  and  were  considered  to  belong  to  a 
period  anterior  to  all  the  fossiliferous  formations,  and  indeed  to  the 
existence  of  life,  either  vegetable  or  animal,  on  our  earth.  To  express 
this  idea,  the  term  *'  azoic  "  was  invented,  while  "  palaBozoic  "  was  given 
to  the  Silurian  rocks,  as  containing  the  supposed  first  traces  of  ani- 
mated existence,  or  the  "  oldest  life-forms,"  on  our  planet.  Some 
geologists  still  consider  the  Lower  Silurian  or  Cambrian  zone  to  be  the 
first  burial-ground  of  organic  remains,  and  that  no  previous  creation  of 
animated  beings  or  vegetation  had  taken  place.     Not  only,  however, 
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do  the  imperfectness  of  the  animal  series,  and  the  superior  organization 
and  degrees  of  development  of  the  fossil  genera  and  species  met  with 
in  the  lowest  of  the  palaoozoic  rocks,  as  thej  are  at  present  restricted 
in  their  downward  horizons,  militate  against  snch  a  view  by  indicating 
the  previous  existence  of  zones  of  precious  creations,  and  cansing  the 
reflective  mind  to  regard  these  earliest  palsdozoic  fossils  as  only  the 
shreds  and  patdhes  of  still  earlier  life-garments  of  our  earth,  but  they 
seem  also  to  make  the  inquiry  lack  the  aid  of  the  chemist  and  mine- 
ralogist to  tell  us  whether,  in  the  present  altered  state  of  such  rock- 
masses  as  are  older  than  the  paleozoic  beds,  there  can  be  detected  in 
the  component  materials  any  ingredients  which  owe  their  presence  to 
the  former  existence  in  those  masses  of  organic  remains. 

It  is  exactly  with  this  question  that  Mr.  Sterry  Hunt  has  occupied 
himself,  and  has  made  some  excellent  attempts  to  ascertain  wheuier, 
in  the  absence  of  organic  remains,  or  of  stratigraphical  evidence,  there 
are  any  means  of  determining^  even  approximately,  the  geological 
age  of  a  given  series  of  crystaJline  strati^ed  rocks — in  other  words, 
whether  the  chemical  conditions  which  have  presided  over  the  forma- 
tion of  sedimentary  rocks  have  so  far  varied,  in  the  course  of  ages,  as 
to  impress  upon  such  rocks  any  marked  chemical  and  mineralogical 
differences.  To  some  extent  it  does  appear  possible  to  work  out  such 
a  problem  in  respect  to  definite  cases,  iJthough  as  yet  no  one  could 
see  the  way  to  the  generalization  of  a  rule ;  indeed,  in  the  ever- variable 
and  divergent  conditions  of  our  planet's  sur£EK;e,  and  the  different 
combinations  and  oppositions  of  the  atmospheric  influences  which 
have  been,  through  tdl  periods,  carrying  on  their  effects  around  it 
everywhere,  it  seems  impossible  this  ever  should  be  accomplished.  To 
arrive  at  any  such  indicative  result  in  the  case  of  unaltered  sedimen- 
tary formations  could  not  be  accomplished  without  multiplied  analyses, 
and  even  then  the  conclusions  might  not  be  absolute.  It  is  different, 
however,  when  chemical  or  mineralogical  changes  have  set  in,  for  the 
natural  affinities  of  some  elements  for  others  render  definite  the 
results  of  such  combinations,  and  so  we  find  that  the  crystalline 
minerals  which  are  formed  are  definite  in  their  composition,  and  vary 
with  the  chemical  constitution  of  the  sediment  from  which  they  were 
derived.  Therefore  it  is  that  Mr.  Sterry  Hunt  thinks  these  crystalline 
minerals  of  the  metamorphosed  rocks  may  become  to  a  considerable 
extent,  to  the  geologist,  what  organic  remains  in  the  unaltered  rock 
are  to  the  paladontologist — a  guide  to  geological  age  and  succession. 
The  feldspars,  for  example,  composed  mainly  of  silica  and  alumina, 
combined  wiUi  the  silicates  of  potash,  soda,  and  lime,  do,  in  their 
spontaneous  decomposition,  part  with  the  latter  ingredients,  and  there 
remains  behind,  as  a  final  result,  a  hydrous  silicate  of  alumina,  which 
is  kaolin,  or  clay.  Now,  where  potash  and  soda  feldspars  are  asso- 
ciated, it  has  been  repeatedly  observed  that  the  soda-compound  is 
much  more  readily  decomposed  than  the  potash-compmmd,  and  that 
the  soda-feldspar  becomes  perfectly  friable,  and  fit  for  a  further  reduc- 
tion into  clay  before  the  or&oclase,  or  potash-feldspar,  has  been  altered 
at  all.  The  result  of  combined  chemical  and  mechanical  agencies 
acting  upon  rocks  containing  quartz,  with  orthoclase  and  such  soda- 
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feldspars  as  albite  and  oligoclase,  would-  be  thns  a  sand-compound  of 
quartz  and  the  less  destructible  potash-feldspar.  The  mechanical 
agency  might  be  air  or  water ;  if  the  latter,  there  would  be  found  sus- 
pended in  it  a  fine  clay,  consisting  mostly  of  the  partially  decomposed 
soda-feldspar.  Now  this  process  of  destruction  is  evidently  one 
which  must  go  on  in  the  wearing  away  of  rocks  by  aqueous  agency — just 
the  agency  which  is  the  most  important  in  such  inquiries  as  the  pre- 
sent, because  most  intimately  associated  with  the  deposition  of  the 
sedimentary  rocks.  It  is  easy  to  see  how,  by  such  partial  destruction 
of  the  primal  rocks,  quartz  is  for  the  most  part  wanting  in  those 
which  contain  a  large  proportion  of  alumina,  while  it  is  abundant  in 
those  in  which  potash-feldspar  predominates.  So  long  as  this  decom- 
position of  alkaline  silicates  is  sub-aerial,  both  the  silica  and  alkali 
are  removed  in  a  soluble  form.  But  as  immense  quantities  of  unde- 
composed  fragments  of  the  primal  rock  are  detached  by  atmospheric 
causes,  and  carried  down  to  the  sea,  which  acts  upon  these  with  more 
power  even  than  upon  the  surfaces  of  the  rock  directly  exposed  to  its 
influence,  the  process  is  often  sub-marine  and  beneath  the  sea-bottom 
in  the  midst  of  sediments  containing  the  carbonates  of  lime  and  mag- 
nesia. When  the  silicate  of  soda  is,  under  such  circumstances,  set 
free,  it  reacts  upon  those  earthy  carbonates,  or  upon  the  chlorides  in  the 
sea-water,  and  forms  in  either  case  a  soluble  soda-salt,  and  insoluble 
silicates  of  lime  and  magnesia. 

The  sources  of  the  carbonates  of  lime  and  magnesia  in  sedimentary 
strata,  have  been  the  decomposition  of  silicates  containing  those  bases, 
such  as  lime-feldspar  and  pyroxene,  and  the  action  of  the  alkaline 
carbonates  formed  by  the  decomposition  of  feldspars  upon  the 
chlorides  of  lime  and  magnesia  originally  present  in  sea-water,  but 
which  have  been  by  this  process  in  subsequent  ages,  in  great  part 
replaced,  by  the  resulting  chloride  of  sodium.  A  curious  result  as 
showing  the  sea  to  have  not  been  originally  as  salt  in  the  primeval  era 
as  it  is  at  the  present  epoch,  and  giving,  if  the  total  could  be  ascer- 
tained, the  clay  or  aluminous  silicate  of  the  earth's  crust,  as  a  measure 
of  not  only  the  quantity  of  salt  added  to  the  primitive  ocean,  but  of 
the  amount  of  the  carbonic  acid  removed  from  the  air,  and  of  the 
carbonates  of  lime  and  magnesia  precipitated.  As  the  coarser  sedi- 
ments in  which  quartz  and  orthoclase  prevail  are  permeable  to 
infiltrating  waters,  their  soda,  lime,  magnesia,  and  oxide  of  iron  will 
be  gradually  remoyed,  leaving  at  last  only  silica,  alumina,  and  potash 
— the  elements  of  granite.  On  the  other  hand,  the  finer  marls  and 
clays,  resisting  the  penetration  of  water,  will  retain  their  soda,  lime, 
magnesia,  and  oxide  of  iron,  and  having  an  excess  of  alumina,  will  by 
their  metamorphism  give  rise  to  basic  lime  and  soda-feld)q>ars,  to 
pyroxene  and  hornblende — ^the  elements  of  diorites  and  dolerites.  In 
this  way,  the  long-continued  operation  of  chemical  and  mechanical 
causes  would  naturally  tend  to  divide  all  the  crystalline  silico-alumi- 
nous  rocks  of  the  earth's  crust  into  two  types,  exactly  corresponding 
to  the  two  classes  of  so-called  igneous  rocks,  the  trachytic  and 
pyroxenic,  which  geologists  have  supposed  to  have  been  derived  from 
two  distinct  imaginary  magmas  beneath  it.    When,  however,  ordinary 
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BedimeBtarj  strata  bave  beeix  rendered  crystalline  by  metamorphism, 
their  future  alterability  becomes  difficult,  because  their  permeability  to 
water  is  so  enormously  diminished,  and  it  is  not  until  they  are  once 
more  broken  down  to  the  condition  of  soils  and  sediments,  that  they 
become  again  subjected  to  such  important  chemical  changes  as  we 
bave  described.  Hence,  the  mean  proportions  of  alkali  and  alumina 
in  the  composition  of  the  clay  sediments  of  any  geological  period  will 
depend  not  only  upon  the  age  of  the  formation,  but  upon  the  number 
of  times  its  materials  have  been  broken  up,  and  the  periods  during 
whicb  they  have  remained  unmetamorphosed  and  exposed  to  the 
action  of  infiltrating  waters.  Such  are  the  general  principles  which 
in  this  excellent  paper  Mr.  Hunt  brings  to  bear  upon  the  actual  state 
of  the  metamorphic  rocks  of  Canada  from  the  Carboniferous  to  the 
Lower  Silurian,  and  do\\'n  to  the  azoic  rocks  and  granite,  even  the 
veins  of  which  he  regards  as  formed  like  metalliferous  veins  by 
aqueous  deposition  in  fissures. 

The  Sixth  Annual  Eeport  of  the  Maine  Board  of  Agriculture* 
recently  circulated,  presents  a  feature  not  so  common  in  this  country 
as  it  deservedly  ought  to  be,  an  association  of  geological  investigations 
with  the  practical  pursuit  of  agriculture.  Even  in  the  first  few  pages 
on  the  application  of  fish-manure,  and  where  we  should  have  little 
expected  it,  we  find  practical  hints  from  the  geologist.  Commenting 
on  Mr.  Bruce's  endeavour  to  introduce  this  to  us  very  objectionable 
and  disgraceful  appropriation  of  the  most  extensive  source  of  animal 
food  which  nature  supplies  to  mankind,  Mr.  Sterry  Hunt  recommends 
the  combination  of  Ihe  fish-manure  with  calcined  shale  for  the  pur- 
pose of  driving  away  insects  from  the  plants  to  which  it  is  applied. 
Distilling  a  black  bituminous  shale  from  Port  Daniel  at  a  red  heat, 
the  disengaged  vapours  were  passed  through  a  vat  containing  the  fish, 
which  by  the  continuance  of  the  heat  were  ultimately  reduced  to  a 
pulpy  mass.  The  calcined  shale,  ground  to  powder,  was  mingled 
with  this;  the  whole  being  then  dried.  Experiments  made  with 
the  manure  are  reported  to  have  given  satisfactory  results  ;  it  might 
be  well  if  English  agriculturists  should  pay  some  attention  to  the 
poorer  kinds  of  bituminous  shales  which  are  met  with  in  the  British 
Isles,  and  even  the  refuse  of  the  richer  sorts,  such  as  the  Eimmeridge 
and  the  Glasgow  shales,  which  have  been  used  for  making  gas,  might 
be  in  this  way  turned  to  a  useful  and  profitable  account,  not  necessa- 
rily for  mixing  with  fish-manure,  the  use  of  which  we  have  strongly 
deprecated,  but  for  commingling  with  many  other  classes  of  manures, 
as  the  chief  efficacy  calcined  shale  possesses  against  noxious  insects 
appears  to  be  in  the  presence,  or  perhaps  in  the  odour,  of  the  bitu- 
men it  contains ;  for  it  is  known  that  coal-tar  applied  to  the  in- 
terior wood-work  in  greenhouses  has  the  effect  of  expelling  those 
unwelcome  intruders.  Such  bituminous  sandstones  as  those  of  Caith- 
ness, might  thus  be  turned  to  profitable  account,  and  there  are  other 

*  *  Sixth  Annual  Report  of  the  Secretary  of  the  Maine  Board  of  Agriculture.' 
Augusta :  Stevens  and  Hayward,  1861-2. 
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rocks  in  yariouB  parts  of  our  island,  wbioh,  although  not  sufficiently 
rich  for  gas-malnng,  contain  quite  sufficient  bituminous  ingredients 
for  agricultural  purposes,  particularly  the  enormous  beds  of  shale 
which  are  at  present  left  untouched  in  our  coal-pits.  But  it  is  not 
in  incidental  suggestions  like  this,  valuable  as  they  may  be,  that  this 
Beport  shows  in  the  strongest  light  the  important  relations  existing 
between  the  geological  structure  of  a  country  and  the  farming  opera- 
tions carried  on  upon  it.  So  high  has  the  Board  of  Agriculture  of 
Maine  considered  the  advantage  of  such  knowledge,  that  it  has 
directed  a  special  survey  to  be  made  of  the  whole  State,  '*  believing 
that  such  a  survey,  ably  conducted,  would  greatly  tend  to  develop  and 
improve  its  agriculture ; "  and  urging  at  the  same  time  "  that  the 
utility  and  value  of  such  explorations  are  no  longer  doubtful."  This 
preliminary  Geological  Survey  has  been  executed  under  the  direction 
of  Mr.  Charles  H.  Hitchcock,  of  Amhurst,  with  Mr.  Goodall,  of  Saco, 
as  chemist,  and  Mr.  Houghton  as  mineralogist.  By  them  the  sea- 
board from  Saco  to  Calais  was  explored,  and  excursions  made  into  the 
interior,  and  to  the  islands ;  next  through  the  north  of  Washington 
County  to  Holton,  and  thence  to  Bangor.  Subsequently  up  the 
Penobiscot  river,  down  the  AUeguish  and  St.  John  river  to  Woodstock, 
through  the  iron  and  slate  region  of  Piscataquis  County,  the  country 
around  Moosehest  lake  and  the  Penobscot  river.  By  these  explora- 
tions and  the  use  of  the  valuable  observations  previously  made  by  Dr. 
Jackson  of  Boston,  a  sufficient  idea  of  the  geological  structure  of  the 
slate  has  been  obtained  for  the  construction  of  a  general  map,  to  serve 
as  a  basis  for  future  systematic  and  more  thorough  explorations.  It 
is  not  our  intention  to  follow  through  the  report  of  this,  as  feur  as  it 
goes,  excellent  survey,  but  to  gather  rather  from  it  such  new  or  re- 
markable purely  geological  phenomena,  as  may  be  worthy  of  par- 
ticular notice.  One  of  these  is  a  condition  of  the  pebbles  in  a  con- 
glomerate bed  on  the  northern  border  of  Washington  County,  which 
is  very  remarkable.  The  inclination  of  the  strata  is  some  65^  east- 
erly ;  the  strike  being  N.  8^  W.  The  layers  are  sometimes  contorted, 
and  nmnerous  narrow  perpendicular  veins  of  quartz  cut  across  their 
bedding.  But  the  peculiarity  of  the  conglomerate  consists  in  the 
distortion  and  curvature  of  the  pebbles  it  contains,  the  general  appear- 
ance of  which  is  illustrated  in  tiie  accompanying  sketch.  They  appear 
as  if  they  had  been  drawn  out, 
curved,  and  pressed  together  by 
the  forces  to  which  they  had  been 
subjected.  Mr.  Hitchcock  con- 
siders there  is  no  doubt  of  these  pebbles  having  been  curved  since 
the  consolidation  of  the  rock  in  which  they  are  embedded ;  and  even 
goes  to  the  length  of  asserting,  that  such  elongated  pebbles  have  been 
changed  into  the  siliceous  laminsB  of  talcose  and  micaceous  schists, 
while  the  cement  has  been  converted  into  mica,  the  talc  of  talcose  schists, 
and  feldspar.  To  effect  the  change  of  form  of  the  pebbles,  according 
to  Dr.  Hitchcock's  views,  the  substances  of  which  they  are  composed 
require  to  have  been  brought  into  a  soft  or  yielding  state  like  moistened 
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clay,  and  then  to  have  been  contorted  under  the  application  of  force  or 
pressure ;  while  to  effect  their  BtiU  greater  alteration  into  the  laminiB 
of  schists,  he  looks  to  the  further  continued  action  of  chemical  changes 
amongst  the  heterogeneous  sedimentary  materials  in  selecting  and 
combining  the  different  mineral  atoms  in  their  proper  proportions  to 
form  the  new  crystalline  masses. 

Letting  alone  this  last  topic,  and  confining  ourselves  to  the  pheno- 
mena of  contortion  only,  if  these  pebbles  were  of  clay,  we  could 
understand  their  being  softened;  but  if  they  are  of  limestone,  sand"> 
stone,  slate,  or  flint,  it  is  very  hard  to  believe  they  ever  were  soft- 
ened after  they  were  once  solidified.  The  phenomenon  is,  however, 
exceedingly  remarkable,  and  not  yet  perhaps  clearly  explainable.  It 
would  seem  to  belong  to  the  same  class  as  die  Nagel-Flue  of  Switzer- 
land, so  successfully  investigated  by  Mr.  Sorby,  or  as  the  nodular 
bands  of  limestone  in  the  Wenlock  Formation,  to  which  attention  has 
been  drawn  by  M.  La  Touche  and  Mr.  Salter.  If  anyone  examines 
the  ordinary  condition  of  a  conglomerate,  or  the  nature  of  a  sea-beach, 
the  more  or  less  rounded  pebbles  will  be  found  simply  piled  one  upon 
the  other,  very  rarely  are  any  elongated  or  flat,  except  when  the 
pebbles  are  of  slaty-rocks,  and  never  bent  unless  they  happen  to  be 
the  fragments  of  naturally-curved  strata.  In  no  case  are  there  any 
corresponding  lines  of  contortion,  such  as  shown  in  the  woodcut,  which 
represents  a  section  of  the  Weston  Conglomerate,  in  which  the  peb- 
bles are  drawn  out  and  flattened,  and  compared  by  Dr.  Hitchcock  to 
spheres  of  clay  pulled  out  into  prolate-spheroids ;  and  the  pressure 
of  an  immense  weight  might,  he  thinks,  be  so  continued  as  to  elongate 
a  pebble  of  clay  into  the  resemblance  of  a  lamina  of  quartz  in  gneiss. 
He  makes  intelligible  the  nature  of  the  Weston  Conglomerate  by 
supposing  that  amongst  many  balls  of  clay  some  were  plastic  and 
some  hard,  and  that  tibese  were  then  subjected  to  such  a  pressure  as 
should  pull  out  and  flatten  aU  the  plastic  ones,  which  would  thus 
have  their  forms  modified  by  the  unyielding  ones,  the  plastic  pebbles 
fitting  on  the  solid  ones  like  a  cap  on  the  human  head.  "  We  find," 
he  says,  '*  among  the  distorted  pebbles  cases  of  this  nature.  Some 
pebbles  have  been  more  plastic  than  others,  and  the  results  are: 
indentations  of  the  harder  into  the  softer  ones,  curves  around  the  hard 
ones,  or  the  fitting  of  one  into  another  like  a  ball  into  its  socket,  or 
the  ends  of  the  elongated  pebbles  may  only  fit  upon  each  other  to 
economize  space  *' — as  in  the  woodcut. 

An  example  of  the  first  stage  of  the  distortion  of  pebbles  is  to  be 
seen  near  Newport,  B.I.  The  lower  carboniferous  conglomerate  at 
Alms  House,  north  of  that  city,  is  in  a  normal  state,  and  consists  of  a 
mass  of  loosely-cemented  cobble-stones,  from  an  inch  to  six  inches  in 
diameter,  all  round  or  spheroidal ;  but  two  miles  further,  at  Purgatory, 
there  is  another  mass  of  conglomerate,  nearly  of  the  same  age,  having 
the  pebbles  much  elongated  in  the  direction  of  the  strike,  flattened, 
and  often  indented,  "  by  being  pressed  one  into  the  other ; "  they  are 
sometimes  a  good  deal  bent,  occasionally  in  two  directions,  the  whole 
being  cut  across  by  parallel  joints  or  fissures,  varying  in  distance 
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from  one  or  two  inches  to  many  feet.  The  cement  is  yeiy  meagre,  and 
consists  of  talcose  schist,  containing  crystals  of  magnetite :  the 
pebbles,  however,  are  firmly  adherent.  In  small  flexures  of  the  strata. 
Dr.  Hitchcock  has  observed  the  elongated  pebbles  bent  at  the  same 
angles. 

The  part  of  the  *  Philosophical  Transactions  of  the  Eoyal  Society/* 
containing  Professor  Owen's  valuable  and  admirable  Beport  on  the 
extraordinary  bird-remains  from  the  lithographic  limestone  of  Pappen- 
heim — the  Archoeopteryx  macrorus — has  been  published  during  the  past 
month,  aiid  the  &11  particulars  of  the  memorable  description  which 
excited  such  attention  at  Burlington  House,  in  the  November  of  last 
year,  are  now  before  the  world.  It  appears  to  have  received  little 
alteration  or  emendation,  as  far  as  our  memory  will  permit  our  judging, 
since  the  time  of  its  first  reading,  when  the  completeness  and  lucid- 
ness  of  the  account  were  features  which  prominently  struck  all  hearers. 
The  first  evidence  of  bird-remains  in  the  Solenhofen-beds  was,  as  it  is 
well  known,  the  impression  of  a  single  feather,  described  and  figm'ed, 
with  his  characteristic  minuteness  and  care,  by  Hermann  von  Mayer, 
in  the  '  Jahrbuch  fur  Mineralogie,'  under  the  title  of  Archceopteryx 
Uthographica,  and  although  it  i^  most  probable  that  the  class  of  birds 
was  represented  in  the  Solenhofen  age  by  more  than  one  fiEunily,  Pro- 
fesssor  Owen  has  retained  the  generic  appellation  of  ArchsBopteryx  for 
the  present  specimen.  As  the  reptilian  pterodactyles  of  the  litho- 
graphic stone  differ  in  the  length  of  their  tails — some  having  extremely 
long  ones,  as  the  Bamphorhynchus  lonfficaudtu,  and  others  scarcely 
any,  as  the  Pterodactytus  craadroHria^  so  we  may  expect  to  find 
similar  differences  in  the  strange  birds  which  lived  in  those  days ;  and 
just  as  the  original  appellation  of  Griphosaurus  given  to  it  by  Wagner, 
under  the  idea  of  its  being  a  feathered  reptile,  has  been  changed  to 
ArchaBopteryx,  it  is  not  by  any  means  certain  that  the  generic  term  may 
not  yet  have  to  be  again  altered. 

Professor  Owen's  paper  commences  with  an  account  of  the  circum- 
stances under  which  tiie  specimen  was  found  and  those  under  which  it 
was  acquired  for  our  national  collection.  The  exposed  bones  in  the 
specimen  are  then  named,  and  one  after  another  compared  with  those 
of  recent  birds  of  different  species,  and  the  corresponding  bones  of 
various  fossil  pterodactyles,  a  comparison  requiring  unusual  care  and 
accuracy  on  account  of  the  previously  supposed  reptilian  characters  of 
the  singular  remains.  By  his  examination  and  comparison  Professor 
Owen  has  proved  the  general  ornithic  nature  of  the  fossil — a  conclusion 
which  must  be  henceforth  adopted ;  although  there  are  some  points 
which  cannot  be  settled  by  the  present  relics,  and  which  may  hereafter, 
when  fresh  examples  revive  the  subject,  give  rise  to  some  important 
considerations.  A  magnificent  lithograph  of  natural  size  is  given  of 
the  principal  slab  and  its  contents,  even  to  its  ripples  and  surfeuse- 
markings,  by  Mr.  Dinkel,  who  has  as  conscientiously  done  his  duty  in 
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as  faithful  a  representation  as  it  is  in  an  artist*s  power  to  attain.  But 
neither  Mr.  Dinkel  nor  any  other  artist  can  free  himself  from  a  bias 
of  ideas.  The  hand  will  follow  the  mind,  and  given  the  notion  of  a 
fish's  head,  and  the  pencil  will  involuntarily  portray  the  resemblance 
in  figuring  the  object  to  which  the  resemblance  is  assigned.  When 
Professor  Owen  first  described  the  Pappenheim  specimen,  he  made  no 
mention  of  what  has  since  been  described  by  Mr.  Mackie  as  the  brain 
or  cast  of  the  cerebral  cavity  of  the  skull,  nor  of  certain  osseous  relics 
which  in  the  present  publication  are  referred  to  as  a  "  premaxillary 
bone,  and  its  impression  resembling  that  of  a  fossil  fish.''  And  yet 
these  objects  are  perhaps  among,  if  not  actually,  the  most  important 
of  all  the  fossilized  remains.  The  nodule  representing  the  brain,  it  is 
admitted  by  the  Professor,  may  be,  as  suggested  by  Mr.  Evans,  '*  part 
of  the  cranium  with  the  cast  of  the  brain  of.  the  ArchaBopteryz ;"  but 
of  the  so-called  fish-head  he  makes  no  other  remark  than  the  quotation 
above,  "  resembling  that  of  a  fossil  fish."  Nor  do  we  blame  his  reti- 
cence. Every  word  Professor  Owen  says  carries  weight,  and  the  last- 
mentioned  object  is  certainly  in  so  obscure  a  state  that  no  one,  without 
further  illustrative  fossils,  could  by  any  possibility  determine  what  it 
is.  It  would  be  discordant  with  idl  our  present  knowledge  to  find  a 
bird's  beak  containing  teeth  in  sockets,  yet  that  would  not  be  more 
extraordinary  nor  more  out  of  all  comparisons  with  living  things  than 
a  long  tail  such  as  the  Archieopteryx  undoubtedly  possesses.  Tet 
such  a  toothed  bill  may  be  possible.  After  many  days'  careful  study 
and  comparison  we  could  not  convince  ourselves  that  this  object  was  a 
fish's  jaw,  nor  could  we  find  evidence  enough  to  assert  that  it  was  a 
bird's  beak  with  teeth ;  but  it  certainly  has,  as  it  lies  in  the  slab,  as 
much  likeness  to  a  beak  as  to  a  premaxillary,  and  as  there  is  not  a 
fish-scale  nor  a  fish-bone  in  the  whole  slab,  nor  in  its  counterpart,  nor 
a  speck  nor  portion  of  a  fish  in  either,  it  is  as  possible  for  this  object 
to  belong  to  the  Archieopteryx  as  to  any  other  creature. 

The  general  ornithic  nature  of  the  fossil  is,  as  we  have  already 
said,  indisputable,  but  not  so  positive  do  we  think  can  anyone  be  as 
to  its  exceptional  characters.  If  the  ArchsBopteryx  had  in  its  long 
vertebrate  tail,  one  character  so  exceptional  as  not  to  be  matched  by 
any  existing  or  any  other  fossil  bird,  it  may  have  had  other  characters 
as  exceptional ;  and  although  we  should  say  that  no  bird  that  preened 
its  feathers  would  have  teeth,  yet  the  beak  of  a  bird  is  but  a  modi- 
fied mammalian  jaw,  just  as  the  whole  structure  of  birds  is  a 
modification  of  the  mammalian  type ;  so  it  is  not  without  the  bounds  of 
possibility  that  a  bird's  jaw  may  be  in  such  a  state  of  development  as 
to  retain  some  traces  of  teeth.  Nor  can  we  be  certain,  it  seems  to  ns, 
that  there  are  no  reptilian  affinities,  or,  at  least,  resemblances  in  the 
structure  of  the  wings.  Had  the  manus  of  ArchaBopteryx  been  adapted 
for  the  support  of  a  membranous  wing,  the  extent  to  which  the 
skeleton  is  preserved,  and  the  ordinary  condition  of  the  fossil  Ptero- 
sauria  in  the  lithographic  stone,  render  it  almost  certain,  as  Professor 
Owen  properly  observes,  that  some  of  these  most  characteristic  long 
slender  bones  of  the  pterosaurian  wing-fingers  would  have  been  visible 
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if  such  liad  existed  in  the  present  specimen ;  and  besides  this  negative 
evidence,  the  positive  proof  of  the  bird-like  proportions  of  the  pinion, 
and  the  existence  of  qnill-feathers  snf&ciently  evince  the  true  class- 
affinity  of  the  Archsaopteryx.  We  are,  however,  in  ignorance  as  to  the 
manner  in  which  those  singnlar  wing-hooks  were  attached  to  the  main 
bones  of  the  wing,  and  of  all  the  comparisons  which  Professor  Owen 
has  made  with  the  spnr-winged  birds,  such  as  the  Merula  dactylopterci^ 
Anser  ganibensisy  Parra  jacana,  Palamedea  comuta,  and  MegapodiuSy 
there  are  none,  we  believe,  which  give  ns  a  single  iUnstration  of  the 
same  character  of  organization  as  is  exhibited  by  the  daw-hooks  in  the 
Archseopteryx.  Indeed,  Professor  Owen  admits  that  in  this  respect,  it 
differs  from  every  known  bird  in  having  '*  two  free  nnguicnlate  digits,*' 
f.  e,  the  wing-hooks,  ''  in  the  hand,"  and  that  "  these  digits  in  the 
slendemess  of  the  penultimate  phalanx  do  resemble  the  ungniculate 
digits  in  the  hand  of  the  Pterodactyle.'*  But  it  is  true,  as  Professor 
Owen  continues,  that  *'  the  daw  has  not  the  characteristio  depth  or 
breadth  of  that  of  the  Pterodactyle ;  and  there  is  no  trace  of  the  much 
lengthened  metacarpal  and  phalangial  bones  of  the  fifth  digit,  or 
peculiar  wing-finger  of  the  flying  reptile."  We  doubt,  however,  if 
the  wing-daws  of  the  ArchsBopteryx  are  comparable  with  the  spurs  of 
the  jacana,  or  of  the  screamer ;  and  we  are  not  aware  that  the 
skeletons  of  either  are  obtainable  in  this  country  for  comparison. 

These  are  questions,  however,  which  it  is  judicious  of  the  Professor 
to  avoid  until  there  is  sufficient  evidence  collected  to  warrant,  if  not 
a  decisive,  at  least  a  reliable  opinion.  It  is  quite  a  different  thing  for 
us  to  point  them  out,  that  the  importance  of  obtaining  farther  lUuft^ 
trative  specimens  may  be  borne  in  mind. 


VI.    MICEOSCOPICAL  SCIENCE. 

As  the  advance  of  all  physical  science  depends  in  a  great  measure  on 
the  degree  of  perfection  of  the  instruments  with  which  it  is  studied, 
we  propose  devoting  this,  our  first  article  on  the  progress  of  Micro- 
scopicid.  research,  to  a  brief  exposition  of  the  improvements  that  have 
been  recently  made  in  the  construction  of  the  instrument.  Our  next 
article,  on  the  other  hand,  shall  be  devoted  to  a  review  of  the  modem 
standard  works  on  the  Microscope,  and  its  mode  of  application  ;  and 
then,  having  as  it  were,  set  our  house  in  order,  we  shall  be  prepared 
in  our  subsequent  Numbers  to  enter  directly  on  the  true  object  of  our 
work,  namely,  to  keep  our  readers  au  courant  with  the  progress  of 
microscopical  inquiry. 

Fortunatdy  for  us,  we  do  not  at  the  present  day  require  to  say 
anything  in  support  of  the  claims  of  the  microscope  to  public  atten- 
tion. Scientific  men  have  unanimously  decided  in  its  favour,  and 
although,  among  the  general  public,  there  are  still  individuals  to  be 
encountered  who  regard  its  teachings  with  distrust,  their  number  is 
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daj  by  daj  becoming  more  and  more  limited,  as  the  object,  and  powers 
of  the  instrmnent  are  becoming  better  and  better  understood.  Many 
false  doctrines  have  no  doubt  been  promulgated  in  consequence  of  the 
employment  of  the  microscope  ;  but  for  one  that  depended  on  the 
imperfection  of  the  insti'ument,  a  thousand  arose  from  a  defect  in  the 
observer.  We  are  even  forced  to  admit,  that  there  are  still  amongst  us, 
men  who  without  any  previous  training,  or  special  aptitude  for  micro- 
scopical research,  damage  the  cause  in  which  they  are  volunteers,  by 
insisting  upon  publishing  the  result  of  their  labours,  and  loading  our 
joumalB  with  false  data  and  erroneous  theories ;  which  although 
perhaps  perfectly  harmless  in  themselves,  nevertheless  clog  the 
chariot  wheels  of  progress.  And  what  is  still  more  unfortunate,  these 
would-be  discoverers  often  become  the  worst  enemies  of  the  micro- 
scrope ;  for,  as  in  the  course  of  time,  they  see  their  cherished  facts 
and  theories  one  by  one  swept  away,  instead  of  attributing  this  their 
misfortune  to  its  proper  cause,  they  seek  to  turn  the  blame  against  the 
instrument,  which  they  imagine  misled  them.  In  a  word,  the  enemies 
of  the  microscope,  at  the  present  time,  are  only  to  be  found,  either 
among  those  who  do  not  possess  an  instrument,  or  possessing  one,  do 
not  know  how  to  use  it.  Bemember,  we  do  not  consider  that  a  man 
knows  how  to  employ  the  microscope  because  he  can  demonstrate  the 
presence  of  infusoria  in  a  drop  of  water,  exhibit  muscular  fibres  on 
prepared  slides,  or  focus  photographs  of  tiie  Royal  family,  not  bigger 
than  a  pin's  point ;  for  nine  out  of  every  dozen  of  men  who  can  do 
that  are  unequal  to  the  preparation  and  demonstration  of  a  piece 
of  simple  cellular  tissue.  If  the  microscope  fails  to  assist  such  as 
we  have  just  been  describing,  that  is  no  reason  why  it  should  fSedl  to 
assist  others,  even  although  they  are  not  scientific  men. 

The  education  requisite  for  microscopical  inquiry  is  a  special 
education,  attainable  by  every  ordinarily  educated  man,  either  by 
means  of  books,  or,  what  is  still  bettor,  by  oral  instruction.  In  proof 
of  this  assertion  we  have  only  to  look  around  us,  and  see  in  whose 
hands  the  microscope  is  now  being  turned  to  account,  and  we  shall  at 
once  perceive  that  the  employment  of  the  instrument  is  no  longer  the 
monopoly  of  professional  men.  It  has  even  passed  through  the 
second  stage  of  its  career,  and  after  having  for  a  time  occupied  the 
place  of  instructor  of  the  idle  hour  to  the  amateur,  has  entered,  in  the 
hands  of  the  commercial  class,  upon  the  third  phase  of  its  existence. 
The  liquids  we  drink,  the  food  we  eat,  the  clothes  we  wear,  have  each 
been  found  to  lie  within  its  scope.  Hence  the  microscope  is  to  be 
met  with  in  the  ofiGice,  in  the  warehouse,  and  in  the  shop.  It  is  con- 
sulted in  ascertaining  the  purity  of  fiour,  in  revealing  the  nature  of 
arrowroot,  in  unmasking  the  adulterations  of  cofiee,  and  in  innume- 
rable other  ways  advancing  the  interests  of  trade.  And  it  would  prove 
even  still  more  useful  in  its  commercial  capacity,  if  men  would  but 
refirain  from  seeking  its  assistance  until  they  had  exhausted  the  infor- 
mation attainable  by  the  unaided  eye;  for  the  true'  object  of  the 
microscope  is  not  to  supplant,  as  too  many  imagine,  but  to  extend  our 
ordinary  means  of  observation,  and  when  so  employed  it  never  fails 
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to  yield  important  infonnation.  It  is  not,  of  course,  to  be  supposed 
from  these  remarks,  that  we  would  try  to  limit  its  field  of  usefalness, 
for  our  object  is,  on  the  contrary,  to  endeavour  to  enlarge  it.  The 
advice  we  give  has,  in  fact,  this  object  in  view,  and  is  simply  that  if, 
instead  of  directly  placing  an  object  imder  the  microscope,  the  observer 
will  first  take  the  trouble  to  examine  it  carefully  with  the  naked  eye, 
he  will  find  himself  in  a  fur  better  position  to  form  a  correct  judgment 
of  its  nature  on  seeing  it  under  the  maguifying-glass,  than  if  he  had 
omitted  previously  to  do  so. 

Having  said  this  much  regarding  the  observer,  we  must  now  turn 
our  attention  to  his  instrument.  It  is  essential  that  it  should  be  of 
good  quality.  When  we  speak  of  a  microscope  being  of  good  quality, 
we  do  not  mean  that  it  should  have  handsome  and  elaborate  brass  work, 
for  that  part  which  is  so  attractive  to  the  eye  is  the  least  valuable 
of  the  whole.  'Tis  in  the  object-glasses — 'tis  in  the  lenses,  that  the 
real  value  of  the  instrument  resides,  and  thus  it  was  that  soientifio 
men  so  long  preferred  the  low-priced  insignificant-looking  foreign 
microscopes  of  Nachet  and  Oberhauser,  to  the  elaborately  got-up  Eng- 
lish instruments.  The  foreign  opticians  sacrificed  appearance  to  utility, 
while  too  many  of  our  home  manufacturers  sacrificed  utility  to  appear- 
ance. At  the  present  moment,  however,  the  British  manufacturer  is 
inferior  to  none,  even  in  low-priced  instruments,  while,  as  is  well 
known,  his  superiority  in  those  costing  from  thirty  guineas,  and  up- 
wards, has  never  been  matter  of  dispute. 

Before  speaking  of  the  cheap  instruments,  we  must  first  call  special 
attention  to  the  high-power  object-glasses  that  have  been  recently  con- 
structed by  Messrs.  Ross,  Powell  and  Lealand,  and  Smith,  Beck  and 
Beck,  the  value  of  which  it  is  scarcely  possible  to  overrate,  seeing  that 
there  can  be  no  end  to  discovery,  so  long  as  there  is  no  end  to  instru- 
mental perfection.  In  our  opinion,  the  only  boundary  that  human 
knowledge  admits  of,  is  that  imposed  upon  it,  by  the  limited  means 
of  physical  observation.  Every  additional  magnifying  power  is^  as  it 
were,  a  new  world  gained. 

The  progress  of  science,  therefore,  depends  as  much  upon  the 
mechanician,  as  upon  the  observer,  for  the  acumen  of  the  latter  would 
fail  to  reach  its  goal,  if  unassisted  by  the  skill  of  the  former. 

It  will  be  recollected  that  Boss  was  the  first  to  succeed  in  manu- 
fiuitrndng  an  object-glass  of  tt  of  an  inch  focus,  and  that  shortly  after- 
wards Powell  and  Lealand  overstepped  him  by  producing  a  t^,  which, 
for  the  time  being,  was  regarded  as  quite  a  scientific  curiosity.  The  latter 
manufacturers  have  now,  however,  stimulated  by  Professor  Beale,  out- 
stripped themselves,  and  actually  manufactured  a  workable  lens  of  no 
less  tiian  -^  of  an  inch  focus.  Since  then.  Boss  has  improved  his  iV, 
and  Smith,  Beck  and  Beck  have  produced  a  ^.  Perhaps  it  will  be 
better,  if  before  describing  the  ^^-^  ^®  ^^*  8*7  ^  ^®^  words  regarding 
the  iV  of  Boss,  and  the  -^  as  now  supplied  by  Smith,  Beck,  and  Beck. 
The  advantages  of  the  new  i^  are  its  having  a  large  front  distance 
with  a  maximum  of  real  angle  of  aperture.  It  will  work  through 
glass  the  liv  of  an  inch  thick,  and  bear  the  highest  eye-pieces.     These 
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improvemeDts  have  been  accomplished  by  employing  specimens  of 
glass  which  allow  the  minimum  of  thickness  of  media  to  be  used. 
The  powers  with  this  objective  range  from  600  to  4,000.  The  ^  is 
also  so  constructed,  as  to  admit  a  large  pencil  of  light,  and  at  the 
same  time  leave  a  space  between  its  front  lens  and  the  covering-glass 
of  the  slide  sufficient  to  allow  of  the  examination  of  ordinary  objects. 
The  Vir  magnifies  with  the  three  eyepieces,  950,  1,700,  3,100,  linear; 
its  aperture  is  140  degrees ;  and  the  thickness  of  the  covering-glass, 
to  which  it  will  adjust,  is  *005  of  an  inch. 

The  -yy  of  Messrs.  Powell  and  Lealand,  as  we  already  said,  was 
first  made  at  the  suggestion  of  Dr.  Beale,  and  we  can  corroborate  from 
personal  experience  the  expression  made  use  of  by  the  jurors  of  the 
late  International  Exhibition,  namely,  that  it  is  possible  to  see  by  its 
means  evidences  of  structure  which  are  under  ordinary  powers  utterly 
undistinguishable.  On  looking  at  an  object  with  the  -^^  after  having 
first  used  the  i  of  an  inch,  one  is  inmiediately  struck  with  the  great 
difference  in  size  which  it  presents.  The  object  looks  six  times  as  large 
as  it  did  with  the  i  of  an  inch,  and  although  of  course  the  field  is 
darker,  it  is  not  nearly  so  dark  as  one  might  be  led  to  expect,  consider- 
ing that  we  are  employing  a  magnifying  power  of  1,800  diameters. 

In  order  to  see  objects  distinctly  with  the  W)  it  is,  of  course, 
necessary  to  use  a  good  light ;  but  it  does  not  require  that  the  light 
should  be  very  much  stronger  than  that  ordinarily  employed  when 
using  a  quarter.  The  common  microscope-lamp,  and  achromatic 
condenser,  are  all  that  is  requisite  for  the  purpose  of  illumination. 
Like  Smith,  Beck,  and  Beck's  ^,  Powell  and  Lealand*s  ^  object-glass 
is  adapted  to  suit  any  English  microscope,  to  be  used  with  a  covering- 
glass  of  '005  of  an  inch  in  thickness,  and  to  leave  a  sufficient  space 
between  the  lower  lens  and  the  glass  to  admit  of  its  being  employed 
in  the  examination  of  ordinary  objects.  The  ^  consists,  like  all  otiier 
good  objectives,  of  eight  lenses,  two  triplets,  and  one  doublet.  The 
front  one,  indeed,  measures  only  *025  of  an  inch  in  diameter,  and  to 
the  naked  eye  looks  like  a  small  diamond  in  its  setting.  It  is, 
however,  a  vast  deal  more  valuable  than  a  diamond  of  the  same 
dimensions. 

There  is  great  difficulty  experienced  in  the  manufacture  of  these 
lenses ;  for  they  have  actually  to  be  ground  under  a  microscope. 
This  arises  not  simply  because  of  their  small  size,  but  in  order  to 
enable  the  workman  to  keep  the  sur&ces  perfectly  level,  as  a  deviation 
of  as  little  aa  one  thousandth  of  an  inch  would  give  rise  to  both 
spherical,  and  chromatic  aberration.  To  specify  the  particular  class 
of  objects  for  which  the  Vf  is  adapted,  is  not  our  present  purpose. 

We  have  now  to  say  a  few  words  regarding  the  improvements  that 
have  recently  been  introduced  into  the  construction  of  the  large  micro- 
scope stands.  These  have  for  the  most  part  been  devised  by  Mr. 
Boss,  with  the  view  of  obtaining  additional  working  room  for  the 
illuminating  apparatus  beneath  the  stage,  in  order  to  acquire  the 
greatest  possible  angle  for  simple  oblique  illumination,  t.  This  object 
Has  been  accomplished,  as  will  be  seen  in  the  figure,  by  reducing  the 


farther  improve- 

id  thereby  adapt- 

^'loreover,  Mr.  Bobb 

ttd  lower  stages  ao 


_  i^ot  OUT  neit  head, 
.(J^fo^Bthe  use  of  Btadenta 
yiL*  'St* 

•^i^Jarge  microscopical 
'^^ondon,  and  at  the 
the  BtudentB  have 
its  of  Nachet  and 
,  Eoglieh  optiuiniis 
feet,  by  producing 
'The  moBt  recently 
'  ight  out  by  Parkcs 


the  foim  repieseuted  in 


,  and  IB  16  incheB  high. 

_,_._  „  _._._  ._    .,  costing  181,  or  201.,  which 

iTiO^)i^e^3^!{  supplied  with  two  powers 

■    "J  eyepieces,   a  polarisiDg 

magnetic  stage,  a  ciroiiiar 

(denser. 

.J/t  fit  into  a  hez^onal  box ; 

■^  the  instniment,  and  into 

■"">,  no  sooner  is  the  top  of 

its  place  all  ready 

re  have  said,  fitted 

|iihat  they  can  he  adjusted 

la  may  be  done  more  effec- 

:ow  attachments. 

and  has  a  circular  groove 

']ar,  BO  that  the  box  cover 


^- 


1864.]  Miero$eopical  Science.  135 

may  be  ditE^nsed  with,  except  in  travelling,  and  the  instrament,  with 
its  glass  shade,  forms  a  handsome  ornament  to  a  room,  while  at  the 
same  time,  it  is  always  ready  for  immediate  use. 

If  Mr.  Parkes  furnishes  a  quality  of  lenses  to  all  his  microscopes 
made  on  this  plan,  similar  to  those  attached  to  the  instrument  we  had 
the  opportunity  of  seeing  at  University  College,  we  must  admit  he  will 
prove  a  formidable  rival  to  foreign  instrument  makers. 

There  are  still  lower  priced  instruments,  which  are  extremely  well 
adapted  for  educational  purposes,  now  being  manufactured  by  Messrs. 
Highley,  Pillischer,  Baker,  and  Smith  and  Beck ;  but  the  consideration 
of  these  we  must  defer  to  a  future  occasion,  and  for  the  present  turn 
our  attention  to  the  binocular  microscope. 

As  is  well  known,  the  purpose  of  the  binocular  microscope  is  to 
remedy  the  difEiculty  in  the  way  of  correct  observation,  arising  from 
our  having  to  view  an  object  with  only  one  eye.  Mr.  Wenham,  by  a 
very  simple  contrivance,  has  accomplished  this  in  a  most  satisfactory 
manner,  at  least,  as  far  as  low  magnifying  powers  are  concerned ; 
there  is  still,  however,  room  for  improvement  with  respect  to  high 
magnifying  powers.  By  means  of  a  small  prism  mounted  in  a  brass 
box  wluch  slides  into  the  draw  tube  immediately  over  the  objective, 
the  rays  of  light  proceeding  from  the  object  are  reflected  in  two  direc- 
tions, which  by  means  of  a  double  body  are  conveyed  to  both  eyes,  and 
thereby  give  a  stereoscopic  view  of  the  substance  imder  observation. 
This  is  a  most  important  point  gained,  when  uneven  surfaces  are 
being  examined,  because  it  enables  the  observer  at  once  to  judge  of 
the  position,  form,  and  relative  distance  of  the  various  parts  without 
altering  the  focus  of  the  microscope. 

So  valuable,  indeed,  has  this  improvement  been  considered,  that  all 
opticians  are  now  prepared  to  attach  an  additional  draw  tube  and 
prism  to  any  of  the  ordinary  uniocular  instruments,  and  thereby  make 
them  answer  both  purposes.  For  be  it  remembered,  that  the  attach- 
ment of  a  binocular  body  in  no  way  interferes  with  the  employment 
of  the  instmmMit  as  a  single-eyed  microscope. 

As  it  is  impossible,  in  this  short  review,  to  describe  all  the  varieties 
of  binocular  microscopes  now  placed  before  the  public,  we  must  limit 
our  remarks  to  the  one  which  we  consider  the  most  perfect. 

The  binocular,  which  we  believe  is  most  deserving  of  this  title,  is 
that  just  brought  out  by  Mr.  Collins  (of  Titchfleld  Street,  Portland 
Place,  London).  It  is  constructed  on  the  model  suggested  by  Pro- 
fessor Harley,  and  contains  all  the  recent  improvements  for  com- 
bining rapidity  of  application,  with  simplicity  in  manipulation.  Indeed, 
so  fiAr  as  the  saving  of  time  is  concerned,  we  scarcely  know  how 
a  change  for  the  better  could  be  devised.  It  possesses  also  the  further 
advantage  of  having  the  appcffatus  so  arranged  as  to  render  it  a  matter 
of  difficulty  to  put  it  out  of  order.  The  whole  apparatus  of  the  in- 
strument, prism,  polariscope,  stage  condenser,  objectives  of  both  high 
and  low  powers,  &c.,  &c.,  are  attached  to  the  microscrope  itself,  and 
that,  too,  in  such  a  manner  as  to  enable  the  observer  to  place  them 
in  exact  position  without  the  turn  of  a  single  screw,  or  a  moment's 
delay. 
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and  fine  adjnstment,  and  has  (the  additional  advantage  of  a  magnetic 
stage,  in  the  cross-bar  (h)  of  which  is  a  groove,  in  order  that  the 
observer  may  enjoy  the  luxury  of  applying  a  Maltwood's  finder,  as  in 
large  instruments  possessing  movable  stages.*  Beneath  the  stage  is 
seen  the  polariser  (p),  fitted  into  the  circular  diaphragm. 

The  double  mirror  (m)  possesses  a  triple  joint,  so  that  it  can  be 
applied  obliquely  in  all  directions.  Indeed,  as  we  before  said,  it  is 
difficult  to  see  how  an  instrument  could  be  devised  of  a  more  simple, 
and,  at  the  same  time,  so  perfect  construction  at  the  price. 

Having  now  given  our  readers  an  insight  into  the  most  important 
improvements  that  haye  been  recently  made  in  the  construction  of 
the  instrument,  we  purpose  in  our  next  Number  introducing  to  their 
notice,  the  various  works  on  the  microscope,  and  its  mode  of  appli- 
cation. 


Vn.    MINING,  MINERALOGY,  AND  METALLURGY. 

The  Mining  operations  of  these  islands  may  be  regarded  as  amongst  the 
most  important  of  our  industries  taxing, — as  they  do,  to  the  utmost — 
the  powers  of  man's  endurance,  and  the  resources  of  engineering 
science ;  requiring  the  boldest  expenditure  of  an  enormous  capital,  and 
adding  nearly  thirty  millions  sterling  to  our  national  wealth.  Hidden 
in  our  rocks  is  the  "  hoarded  treasure,'*  but  man,  the  magician,  with 
the  wand  of  industry,  brings  it  forth  to-day  and  converts  the  valueless 
ores  into  valuable  metals,  which  minister  in  a  thousand  forms  to  the 
necessities  of  human  existence. 

The  subterranean  explorations  now  in  active  progress  in  this 
country,  claim  the  labours  of  above  800,000  Miners,  independently  of 
men,  boys  and  women,  employed  at  the  surface.  They  task  the  powers 
of  thousands  of  steam-engines  in  pumping  the  waters  from  the  depths ; 
in  drawing  the  minerals  from  the  mines ;  in  lowering  and  raising  the 
men ;  and  in  restoring  pure  air  to  those  dark  recesses  in  which  the 
atmosphere  is  rapidly  suffering  deterioration  from  several  causes. 

At  the  present  time  there  are  upwards  of  3,000  collieries,  and  not 
less  than  1,000  metalliferous  mines  at  work  in  the  United  Kingdom. 
The  produce  of  these — in  the  more  important  minerals  only — during 
the  last  two  years,  has  been  as  follows  :f — 

,'1861.  1862. 

Tons.  Tons. 

Goals         .         .  85,635,214        .         •  81,638,338 


Ibok  Obb 

GOPPEB 

Tin   . 
Lead 

ZiNO 

Ptritbb 


7,215,518 

231,487 

11,640 

90,696 

15,770 

125,135 


7,562,240 
224,171 
14.127 
95,311  J 

7,497 
98,433 


*  MaUwood*8  finder  can  be  obtained  at  Smith,  B^ck,  and  Beck's. 

t  These,  and  all  the  statistical  returns  given,  are  taken  from  the  'Mineral 
Statistics  of  the  United  Kingdom,'  by  Robert  Hunt,  F.R.8.,  which  are  published 
annually  by  order  of  the  Lords  Gommissioners  of  Her  Majesty's  Treasury. 
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In  addition  to  theise,  of  ores  of  the  metals,  onr  mines  give  ns 
Silver,  Nickel,  Cobalt,  Tungsten,  Antimony,  Manganese,  and  others. 
Of  earthy  minerals  we  produce  Barytes,  Strontian,  and  Gypsum,  inde- 
pendently of  the  Lime,  Magnesia,  Porcelain  and  other  clays,  while 
the  Salt  districts  of  Cheshire  and  Worcestershire  give  us  above  900,000 
tons  of  Salt  annually. 

(Gold  must  be  regarded  as  an  unusual  product  from  British  rocks 
but  the  Quartz  lodes  in  the  vicinity  of  Dolgelly  gave  us  of  that  precious 
metal,  in  1861,  2,784  standard  otmces,  of  the  value  of  10,8172.,  and  in 
1862,  5,299  standard  ounces,  the  value  of  which  was  30,390Z. 

Nearly  all  the  Lead  ores  of  these  Islands  contain  Silver,  and  from 
this  source,  by  an  interesting  Metallurgical  process,  we  obtained,  in 
1861,  569,580  ounces,  and  in  1862,  686,123  ounces  of  sterling  Silver. 

From  the  returns  obtained  by  the  *  Mining  Becord  *  Office,  we 
learn  that  the  values  of  the  Metals  produced  from  the  ores  of  the 
British  Islands  alone,  and  Coals,  were  at  the  place  of  production — 

In  1861  at  34,602,853/. 
In  1862  at  34,691,037/. 

In  this  rapid  sketch,  we  endeavour  to  convey  a  correct  idea  of  the 
importance  of  our  Mining  operations,  without  loading  our  pages  with 
details,  which  may  be  consulted  by  all  who  are  interested  in  the  sub- 
ject, in  the  publication  already  quoted. 

Directly  connected  with  our  Coal-Mining,  one  question  of  the 
highest  importance  has  been  recently  revived : — that  is,  the  probable 
duration  of  our  coal-beds.  Sir  William  Armstrong,  in  his  Address  as 
President  of  the  British  Association,  at  the  recent  Meeting  at  New- 
castle-on-Tyne,  spoke  as  follows  on  this  subject : — "  By  combining 
the  known  thickness  of  the  various  workable  seams  of  coal,  and  com- 
puting the  area  of  the  surface  under  which  they  lie,  it  is  easy  to  arrive 
at  an  estimate  of  the  total  quantity  comprised  in  our  coal-bearing 
strata.  Assuming  4,000  feet  as  the  greatest  depth  at  which  it  will 
ever  be  possible  to  carry  on  mining  operations,  and  rejecting  all  seams 
of  less  than  two  feet  in  thickness,  the  entire  available  coal  existing  in 
these  Islands  has  been  calculated  to  amoimt  to  about  80,000  millions 
of  tons,  which,  at  the  present  rate  of  consumption,  would  be  exhausted 
in  930  years ;  but,  with  a  continued  yearly  increase  of  two  millions 
and  three  quarters  of  tons,  would  only  last  two  hundred  and  twelve 
years  J^  * 

Mr.  Greenwell  stated  a  few  years  since  his  opinion  that  ''the 
Northern  coal-field  would  continue  331  years."  Mr.  T.  Y.  Hall 
agrees  in  the  main  with  Mr.  Greenwell,  and  taking  the  annual  con- 
sumption of  the  Newcastle  coal-field  at  14  millions  of  tons,  he  gives 
365  years  as  the  period  at  which  this  coal-field  will  be  exhausted. 
Mr.  Fordyce  in  1860,  supposing  the  drain  upon  this  coal-field  to  be 
20  millions  of  tons  annually,  says,  ''  then  at  this  rate  of  demand  the 
coal-field  would  be  exhausted  in  the  course  of  256  years."! 

*  Report  of  the  Meeting  of  the  British  Afisociation  at  Newcastle,  1863. 
t  See  '  The  Transactions  of  tlie  North  of  England  Institute  of  Mining  En- 
gineers,' and  Fordvce  B  *  History  of  Coal,  Coke,  and  Coal  Fields,'  1860, 
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In  the  Report  presented  by  the  Coal  Trade  at  the  recent  Meeting 
of  the  British  Association,  the  rate  at  which  the  Eeporters  suppose  the 
exhaustion  of  this  coal-field  is  going  on  in  1861,  is  given  at  21,777,670 
tons.*  This  quantity  is  aboye  that  which  is  giyen  in  the  '  Mineral 
Statistics  for  1862 '  (we  there  iind  19,360,356  tons  recorded  as  the 
quantity  raised  and  sold ;  but  the  coal  wasted  is  not  reported,  owing  to 
the  uncertainty  of  the  returns  obtained). 

Mr.  Edward  Hull  has  devoted  much  attention  to  this  important 
subject.  He  calculates  that  the  total  remaining  supply  of  coal 
amounts  to  79,843  millions  of  tons,  and  "  that  in  the  whole  of  Great 
Britain  the  supply  is  sufficient  to  last  for  upwards  of  a  thousand  years 
with  a  production  of  72  millions  of  tons  annually. "| 

It  has  been  already  shown  that  the  general  rate  of  exhaustion  has 
exceeded  this  computation  by  twelve  millions  of  tons.  It  is  not,  how- 
ever, probable  that  there  will  be  any  long  continuance  of  such  a  rapid 
increase..  The  progress  of  civilization  has  ever  been  a  system  of 
undulations,  the  maximum  of  elevation  is  reached,  and  the  still  onward 
wave  subsides,  the  momentum  acquired  in  its  decline  being  the  power 
by  which  it  again  rises  to  its  highest  level.  Let  it  not  be  inferred 
from  this  that  we  suppose  our  commerce  and  manu&ctures  to  have 
reached  their  highest  point.  It  is  believed  that  a  large  extension  is 
before  us»  but  we  argue,  from  the  history  of  the  past,  that  our  progress 
will  not  be  a  system  of  continuous  rise  in  the  future.  The  question 
requiring  the  limits  of  time  within  which  the  coal-fields  of  these 
Islands  will  be  exhausted  has  been  hastily  propounded,  and  no  less 
hastily  replied  to.  No  satis&ctory  computation  of  the  quantities  of 
workable  coal  remaining  in  our  several  coal-fields  has  yet  been  made. 
Mr.  E.  Hull,  in  his.work  already  quoted,  has  given  the  best  existing 
information,  but  those  most  intimately  acquainted  with  special  locali- 
tiee,  all  alike  pronounce  the  evidence  to  be  incomplete.  This  is 
admitted,  by  the  grant  of  a  small  sum  from  the  funds  of  the  British 
Association,  to  collect  exact  information  on  this  point.  The  grant 
is  80  small,  for  the  amount  of  work  which  is  to  bo  done,  that  nothing 
satisfactory  can  be  expected  from  this  assistance.  The  Government 
having  at  its  command  a  trained  body  of  men,  of  superior  scientific 
knowledge,  in  the  officers  of  the  Geological  Survey,  with  twelve  In- 
spectors of  collieries,  each  man  well  acquainted  with  his  own  district, 
and  a  Mining  Eecord  office  with  its  statistical  returns,  might  by  a 
judicious  arrangement,  and  a  sufficient  grant  of  money,  determine  the 
question  within  very  small  limits  of  error.  This  stock-taking  would  bo 
a  very  important  one,  bearing  as  it  does,  on  the  future  of  every  manu- 
Picturing  and  commercial  industry,  which  has  placed  our  country  the 
foremost  amongst  the  nations, — a  position  which  we  desire  to  retain. 
Beferring,  of  course,  to  their  own  field  only,  the  Reporters  on  the 
Northern  coal-field  say,  '*  Until  frirther  and  more  extensive  explora- 

•  •  On  Coal,  CJoke,  and  Coal  Mining/  by  Nicholas  Wood,  F.G.S.,  John  Taylor. 
John  Marley.  and  J.  W.  Pease,  in  *  History  of  the  Trade  and  Manufactures  of 
the  Tyne,  Wear,  and  Tees.'    Spon  :  London,  1863. 

t  'The  Goal  Fields  of  Oreat  Britain,'  by  Edward  Hull,  B.A.  Second  edition. 
Stanford :  London. 
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tions  determine  at  what  distance  beyond  the  coast  the  greatest  de- 
pression of  the  coal-beds  will  be  found,  we  are  completely  at  fault  as 
to  the  quantity  of  coal  lying  underneath  the  sea,  ♦  ♦  *  *  We  have 
not  yet  reached  the  threshold  of  such  a  conjecture.  We  have  not  yet 
explored  one  square  inile  of  this  vast  imknown  space,  or  determined 
one  of  the  many  elements  required  in  such  an  intricate  and  uncertain 
investigation."  To  a  certain  extent,  these  remarks  will  apply  with 
all  their  force  to  other  localities.  The  difficulties  determining  the 
existence  of  coal,  and  its  quantity,  under  several  unexplored  regions 
are  exceedingly  great,  and  until  opened  out,  it  could  only  be  approxi- 
mately estimated.  Still  we  cannot  but  think  the  concluding  remark 
of  the  Beporters,  that  '*  such  an  investigation  can  be  of  no  practical 
utility,  and  that  the  attempt  for  a  vast  period  of  time  is,  at  the  least, 
premature,''  is  one  induced,  rather  by  the  influences  of  commerce, 
looking  only  to  the  present,  than  by  the  broader  spirit  of  philan- 
thropy which  embraces  the  future.  It  may  not  be  out  of  place  here 
to  caution  the  less  scientific  of  our  readers  from  receiving,  as  in  any 
way  probable,  that  speculation  which  is  echoed  from  book  to  book 
promising  man,  that  science  will  find,  when  coal  is  exhausted,  some 
other  source  of  heat  and  light,  which  shall  be  equally  economical  and 
as  easy  of  application.  If  those  speculative  minds,  who  suppose  the 
time  will  come  when  the  constituents  of  water  will  be  burnt,  or  elec- 
tricity be  made  an  unfailing  producer  of  heat,  would  but  carefully 
entertain  the  fact,  that  every  form  of  physical  force  is  the  result  of 
the  destruction  {change  of  form)  of  matter  somewhere,  they  would  be 
more  cautious  in  promulgating  their  unsupported  hypotheses.  To 
bum  zinc  or  iron  in  a  voltaic  battery  to  produce  heat  or  light,  must 
always  be  infinitely  more  costly  than  burning  coal  in  a  furnace. 

The  lamentable  catastrophes  which  from  time  to  time  occur  in  our 
collieries,  awaken  public  attention,  and  excite  the  utmost  sympathy 
for  the  sorrowing  survivors.  That  there  is  a  deep-felt  desire  to 
assuage  the  flood  of  misery  which  falls,  tempest-like,  upon  a  colliery 
village ;  and  so  far  to  improve  the  conditions  under  which  the  coal- 
miner  labours,  as  to  render  the  risks  less  imminent  to  him,  is  proved 
by  the  manner  in  which  money  was  poured  into  the  Hartley  Fund. 
After  some  delay,  the  large  sum  whch  remained  unexpended,  after 
every  necessary  want  had  been  satisfied  amongst  the  widows  and 
orphans  of  those  poor  men  who  perished  so  miserably  in  that  Colliery, 
has  been  distributed  to  other  districts  for  the  purpose  of  forming  the 
nucleus  of  local  funds  to  meet  such  exigencies  as  may  unhappily  arise. 
The  public  expression  of  feeling  is  loud,  it  will  be  heard  and  attended 
to ;  but,  independently  of  the  impulse  which  is  due  to  this  voice, 
it  must  not  be  forgotten  that  numerous  minds  are,  and  have  been, 
silently  and  earnestly  at  work,  aiming  to  improve  all  the  conditions  of 
our  collieries,  and  so  to  render  accidents  less  common. 

We  have  lately,  at  the  Morfa  Colliery,  in  South  Wales,  had  an 
explosion  of  fire-damp,  by  which  39  men  were  destroyed.  This 
serious  accident  occurred  in  a  colliery  remarkable  for  its  very  excel- 
lent arrangements.  The  works  were  carried  on  under  the  most  skilled 
colliery  engineers ;  the  ventilation  was  excellent ;  locked  safeiy-lamps 
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were  always  used ;  and  the  strictness  with  which  a  well-devised  code 
of  rules  was  enforced  appeared  to  secure  this  colliery  from  accident 
by  explosion.  Yet,  when  least  expected,  the  fire-damp  accumulates, 
and  mysteriously  it  is  fired,  sweeping  away  in  a  moment  39  men,  and 
strewing  wreck  around  in  its  deadly  progress.  This  sad  accident 
should  teach  us  that  we  must  not  suppose  we  can,  by  any  skill  or  care, 
secure  absolute  immunity  from  casualties  of  this  class.  In  all  proba- 
bility the  Morfa  explosion  arose  from  a  sudden  outburst  of  carburetted 
hydrogen  gas,  attended  with  a  fall  of  the  roof,  by  which  the  wire 
gauze  of  a  safety-lamp  became  broken.  It  is  important  that  a  record 
should  be  prominently  made  of  the  &ict,  that  the  proprietors  of  this 
colliery,  the  Messrs.  Vivian,  refused  the  aid  which  the  public  readily 
offered,  and  that  they  take  upon  themselves  the  burthen  of  supporting 
the  widows  and  orphans  of  those  who  perished  in  their  employment. 
Knowing  the  imperfections  of  hmnan  nature,  and  the  power  exerted 
by  selfishness  over  the  better  feelings  of  the  heart,  we  are  persuaded 
that  both  master  and  man  would  be  permanently  benefited  by  a  legis- 
lative enactment,  rendering  it  imperative  that  die  Colliery  proprietor 
should  be  responsible  for  tiie  maintenance  of  the  widow  and  the  child 
of  the  collier,  who  has  perished  by  accident  in  his  pit.  With  such  a 
provision,  a  more  searching  system  of  inspection  would  be  introduced ; 
the  workings  would  be  kept  in  better  order ;  rules  would  be  more 
rigidly  enforced ;  and,  as  a  consequence,  the  coal  would  be  obtained 
in  better  condition,  and  at  less  cost,  than  at  present.  Beyond  this, 
the  Colliery  proprietors  would  speedily  protect  themselves  by  forming 
funds  to  meet  the  exigencies  as  they  arose.  A  course  of  this  kind  is 
the  only  one  left  for  trial :  there  is  surely  philanthropy  enough  in  this 
Christian  land  to  force  on  the  experiment. 

In  nearly  every  division  of  human  labour,  some  mechanical  power 
has  been  introduced  for  the  ptu*pose  of  relieving  the  labourer  from 
the  constant  strain  made  upon  his  muscular  system.  The  coal-hewer 
has  not,  however,  been  in  any  way  assisted.  With  the  primitive  pick 
and  the  ancient  wedge,  he  has  been  compelled,  often  under  the  most 
trying  conditions,  to  "  get "  the  coal.  This  state  of  things  may  be 
accoimted  for  by  the  circumstance  that  Mining  work  is  peirfbrmed  in 
the  deep  and  dark  bowels  of  the  earth,  where  there  is  little  to  attract, 
and  much  to  repel,  such  minds  as  usually  give  birth  to  appliances  of 
physical  force.  The  subject  has  not  been,  however,  entirely  neglected. 
So  long  since  as  1789,  a  patent  appears  to  have  been  granted  for 
improved  machinery  to  be  used  in  getting  coal,  and  since  that  time 
many  plans  have  been  proposed,  and  some  of  them  patented,  though 
none  have  been  successfully  applied.  The  first  machine  which  has 
been  foimd  capable  of  taking  its  place  in  the  regular  business  of  coal- 
cutting  is  one  belonging  to  the  West  Ardsley  Coal  Company,  Messrs. 
Firth,  Donisthorpe,  and  Bower.  This  machine  has  been  in  regular 
work  during  the  last  twelve  months,  and  it  appears  to  be  admirably 
adapted  to  the  purpose  for  which  it  is  contrived. 

The  Machine—  shown  on  the  adjoining  plate — is  carried  on  a  cast- 
metal  frame  of  great  firmness,  the  size  and  weight  varying  to  suit  the 
condition  and  tHckness  of  the  bed  of  coal  to  bo  operated  upon.     An 
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the  connecting  rod  to  which  the  pick  is  attached,  acting  as  a  substitute 
for  the  piston,  in  this  way  the  required  length  of  stroke  is  obtained,  as 
it  were,  within  the  cylinder  itself. 

This  machine  is  very  smaU  and  compact,  being  two  feet  two  inches 
high,  and  three  feet  long,  the  pick  being  two  feet  six  inches  in  length. 
As  in  the  former  case  a  man  and  a  boy  attend  the  machine  in  its  pro- 
gress along  the  ordinary  tramway  of  the  colliery. 

The  following  diagrams  will  render  clear  the  difference  between  the 
two  machines.  Fig.  1  represents  the  old  patent  arrangement :  a  is  the 
cylinder,  h  the  piston,  c  the  piston  rod,  d  the  connecting  rod,  e  the 
crank  or  lever.  Fig.  2  represents  the  new  patent  trunk  arrangement : 
a  is  the  cylinder,  h  the  piston,  c  the  trunk,  d  the  connecting  rod,  e  the 
crank  or  lever. 


Fio.  1. 


Fig.  2. 

Either  of  these  machines  is  guaranteed  to  be  capable  of  under- 
cutting a  seam  of  coal  to  the  depth  of  three  feet,  and  to  the  length  of 
150  yards,  along  the  face  of  the  coal,  in  the  space  of  eight  hours.  These 
machines  can  be  worked  either  by  compressed  air  or  by  steam.  At 
the  Ardsley  Pit,  air  has  been  employed,  and  the  experience  of  eighteen 
months  confirms  its  advantage  over  any  other  motive  power,  for  this 
purpose.  The  air  is  pressed  into  a  receiver  on  the  surface,  by  an 
ordinary  steam-engine,  to  a  pressure  of  from  45  to  50  lbs.  to  the  inch. 
It  is  led  down  the  shaft  80  fathoms  deep  in  4i-inch  metal  pipes,  and 
hence  in  pipes  of  diminished  diameter  in  the  several  directions  of  the 
workings,  and  finally  into  the  "  Banks ''  or  working  faces  by  India- 
rubber  tubing  of  14-inch  diameter. 

The  use  of  air,  underground,  has  many  advantages.  It  is  free 
from  any  kind  of  danger,  and  exceedingly  manageable ;  there  is 
nothing  of  an  inconvenient  or  annoying  character  to  be  guarded 
against.     It  is  clean,  dry,  pure,  and  cool. 

Beyond  all  this,  when  the  air  has  performed  its  mechanical  work,  it 
may  be  made  available  for  sanatory  purposes.  When  discharged  from 
the  cylinder  of  the  coal-cutting  machine,  under  a  pressxu'e  of  three 
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atmospheres,  wbicli  at  100  strokes  per  minute,  when  expanded  to 
its  natural  volume,  gives  about  300  cubic  feet  of  air,  this  supply  can 
be  sent  into  each  working  face.  This  air,  in  expanding,  takes  heat 
from  all  surrounding  bodies,  thus  lowering  the  temperature  of  the 
mine ;  and  it,  at  the  same  time,  increases  the  current,  and  dilutes  the 
noxious  agents  which  are  found,  as  the  products  of  respiration  and  of 
combustion,  or  such  as  are  evolved  from  the  coal  itself.  The  advan- 
tages of  these  machines  are  most  satisfactorily  proved,  and  many  coal 
proprietors  have  made  arrangements  for  their  introduction  to  their 
several  works.*  How  will  the  invention  be  received  by  the  mining 
population  ?  is  a  question  which  many  ask.  Since  the  machine  is  to 
relieve  the  miner  from  his  heaviest  labour — to  do,  indeed,  the  drudgery 
of  the  pit — and  thus  tend  to  alleviate  his  condition,  reserving  his 
strength  for  less  injurious  trials,  he  cannot  but  feel  that  the  aid 
afforded  him  is  great,  and  we  hope  that  he  will  receive  it  with  all 
thankfulness. 

In  our  anxiety  to  describe  clearly  the  coal-cutting  machines,  so 
much  space  has  been  absorbed,  that  we  feel  compelled  to  defer  to  our 
next  Number  all  notice  of  two  or  three  machines — ^which  have  been 
devised,  for  working  upon  our  hardest  rocks, — used  in  driving  levels 
and  proposed  for  use  in  sinking  shafts  in  our  metalliferous  mines. 

If  the  collier  be  exposed  to  injurious  influences — and  subject  to 
violent  casualties — the  metalliferous  miner  is  subjected  to  conditions 
so  much  more  distressing,  that,  although  we  seldom  hear  of  such  dire 
calamities  as  those  which  follow  from  an  explosion  of  fire-damp,  it  is 
too  well  known  that  the  number  who  perish  young,  from  the  con- 
sequences of  their  labour,  is  far  greater,  relatively,  than  the  deaths 
occurring  amongst  the  coal-miners.  Every  mechanical  aid,  therefore, 
which  proves  a  benefit  in  one  case,  becomes  a  yet  greater  blessing  in 
the  other.  We  expect  before  our  second  Number  can  appear,  that  the 
Report  of  Lord  Kinnaird's  Conmiission,  "  To  inquire  into  the  sanatory 
conditions  of  the  metalliferous  miner,"  will  have  been  published,  and, 
consequently,  it  will  demand  our  attention  in  connection  with  the 
boring  macliinery — analogous  to  that  employed  in  driving  the  tunnel 
through  Mont  Cenis — which  promises  to  take  the  wearying  task  of 
"beating  the  borer"  from  the  failing  arm  of  flesh,  and  transfer  it  to 
the  resistless  arm  of  iron. 

It  is  interesting  to  find,  that  some  successful  attempts  have  been 
made  to  introduce  so  much  of  science  amongst  our  miners  as  promises 
to  facilitate  their  labours,  and  relieve  them  from  the  liability  to  error, 
which  is  ever  the  attendant  on  ignorance. 

The  Miners'  Association  of  Cornwall  and  Devonshire,  and  the 
Mining  Schools  of  Bristol,  Wigan,  and  Glasgow,  are  doing  good  work. 
At  the  same  time  as  those  local  institutions,  supported  by  limited 
subscriptions,  are  earnestly  at  work,  the  Boyal  School  of  Mines  in 
London,  supported  by  an  annual  vote  from  the  House  of  Commons, 
is  providing  a  numerous  staff  of  young  men  frunished  with  all  the 
resources  of  modem  science,  to  undertake  the  direction  of  the  ore- 

*  We  believe  that  tlie  new  coal  cutting-machine  has  been  at  work  three  months 
or  more  at  the  Inoo  Hall  Colliery. — Ed. 
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mines,  the  engineering  difficulties  of  which  are  rapidly  augmenting 
with  the  increasing  depth. 

The  uncertainty  which  attends  the  conditions  of  any  of  our 
mineral  lodes  or  veins,  is  one  of  the  causes  which  has  led  to  the 
unfortunate  spirit  of  gambling  which  marks  too  many  Mining  specu- 
lations. It  may  never  be  possible  to  pronounce  with  certainty, 
whether  a  mineral  lode  shall  prove  rich,  in  the  metalliferous  ores,  in 
depth.  But  it  is  certainly  within  the  limits  of  human  knowledge  to 
be  able  to  pronounce  on  the  high  probabilities  of  any  subterranean 
exploration  being  remunerative  or  otherwise. 

The  Philosopher  who  stands  upon  the  surface  of  the  Earth,  and 
frames  his  hypothesis,  as  to  the  laws  by  which  the  metals  have  been 
deposited  in  the  fissures  of  the  rocks^  is  as  likely  to  run  wildly  wrong, 
as  the  untaught  miner,  who,  without  a  knowledge  of  one  of  the  Physical 
Forces,  persuades  himself  that  he  has  an  unfailing  rule  for  determining 
the  value  of  the  hidden  treasures.  Neither  the  one  nor  the  other  will 
ever  advance  knowledge  by  his  guesses.  Teach  the  Miner  to  observe 
carefully,  and  to  record  his  observations  correctly — then  call  in  the 
aid  of  the  Philosopher,  and  his  deductions  from  a  sufficient  number  of 
well-observed  facts  will  possess  a  high  value.  It  is  an  important  and 
a  most  favourable  feature  of  the  present  time,  that  several  practical 
miners  are  employed  in  endeavours  to  determine  if  any  constant  law 
can  be  discovered  in  relation  to  the  accumulation  of  the  Metalliferous 
ores  in  lodes. 

M.  Moisenet,  Ingenieur  des  Mines, — ^who  has  himself  examined 
with  great  industry  the  Metal  Mines  of  this  country, — ^has  endeavoured 
to  refer  the  conditions  of  our  mineral  deposits  to  actions  influenced 
by  the  direction  of  our  great  mountain  ranges.  In  this  country 
Mr.  Lonsdale  Bradley  has  published  a  valuable  set  of  sections  of 
the  strata,  in  the  lead-bearing  rocks  of  Swaledale ;  and  given  careful 
explanations  of  the  actual  conditions  observed  in  the  veins. 

Those  sections  instruct  us  on  some  points,  which  from  their  almost 
constant  occurrence,  assume  the  conditions  of  a  law.  These  are  that 
Limestones  and  Charts  are  the  beds  which  are  productive  of  lead,  and 
that  the  Grits  and  Plates  are  wholly  unproductive.  All  mineral  veins 
must  be  regarded  as  lines  of  dislocation ;  the  strata  seldom  being  pre- 
cisely similar  on  both  sides  of  the  fissure  or  lode.  Those  disturbances 
are  locaUy  termed  "  throws."  The  sections  published  by  Mr.  L.  Brad- 
ley appear  to  prove,  amongst  other  facts,  "  That  veins  of  simple  throws 
are  the  most  productive  of  lead-ore  from  having  ore-bearing  or  ore- 
producing  beds  on  each  side  of  the  veins,  opposite  or  nearly  so  to  each 
other ;"  "  that  veins  of  large  throws  are  invariably  unproductive,  because 
the  ore-bearing  beds  are  thrown  past  each  other,  and  that  cross  veins 
of  large  throws  when  productive  of  lead  ore  are  usually  so  in  the 
Limestones.''*  In  the  sections  observed  in  40  lodes,  and  given — care- 
fully drawn  to  scale — in  Mr.  Bradley's  book,  these  conditions  are 
clearly  shown.  The  accompanying  lithogvaphed  examples  of  two 
kinds  of  "  throw  "  will  fully  illustrate  this  position. 

•  *  An  Inquiry  into  the  Deposition  of  Lead  Ore  in  the  Mineral  Veins  of  Swale- 
dale, Yorkshire.'    By  Lonsdale  Bradley,  F.G.S.     Edward  Stanford,  London,  1862. 
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A  fax  more  extensiye  inquiry  has  been  made  by  Mr.  Wallace  of 
Alston  Moor,  with  a  view  to  the  solution  of  this  problem,  and  he  is 
fully  persuaded  that,  as  far  as  this  district  is  concerned,  he  has  arrived 
at  the  true  solution.*  The  balance  of  evidence  is  greatly  in  favour  of 
the  hypothesis  put  forth.  It  is  not  possible,  within  the  limits  of  a 
summary  notice,  to  explain  satisfactorily  the  views  of  this  writer. 
Suffice  it  to  say,  that  Mr.  Wallace  regards  the  mineral  lodes  as  chan- 
nels through  which,  the  waters  accumulated  on  the  surfEU^e,  and 
percolating  the  rock,  were  discharged.  These  waters  are  supposed  to 
derive  from  the  adjacent  rocks,  or  from  some  other  source,  the  minerals 
which  are  subsequently  deposited  in  those  larger  channels.  The  rich- 
ness of  any  lode  is  detennined  by  several  conditions,  all  of  which, 
however,  may  be  regarded  as  disturbing  causes.  For  example  if,  into 
a  main  channel  of  fissure,  several  lateral  fissures  flow,  it  is  found  that 
along  the  main  fissure  or  lode,  it  is  productive  of  metallic  ores  at 
these  parts 

Several  good  examples  of  this  are  given  in  Mr.  Wallace's  beautifully 
executed  map ;  one  of  these  we  copy.  It  is  a  portion  of  the  great 
Bodderup  Fell  vein,  and  shows  that  the  lode  is  unproductive  except 
where  the  numerous  small  lateral  veins,  as  shown  in  our  drawing, 
have  been  channels  in  which  fluids  have  been  collected  and  conveyed 
to  the  larger  fissure.     The  vein  has  proved  remarkably  productive  of 


lead  in  those  parts.  Mr.  Wallace's  book  is  a  valuable  contribution 
to  the  very  limited  literature  which  exists  in  the  English  language,  on 
mines  and  mineral  deposits.  That  attention  has  been  awsJcened  to 
this  question,  is  further  proved  from  the  fiEbct,  that  at  the  last  meeting 
of  the  Miners'  Association  of  Cornwall,  two  Cornish  miners  contributed 
papers  on  the  subject. 

Such  are  the  matters  of  interest  connected  with  British  Mining, 
which  have  recently  presented  themselves. 

As  illustrating  the  value  of  our  mines  in  relation  to  those  of  other 
countries,  it  is  satisfEictory  to  be  able  to  examine  two  very  recently 

*  '  The  Laws  which  regulate  the  DepoBition  of  Lead  Ore  in  YeiiiB :  lUustrated 
bj  an  Examination  of  the  Geological  Stnictuie  of  the  Mining  Districts  of  Alston 
Moor.'    By  William  Wallaoe.    Edward  Stanford,  London. 
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pnbliBbed  letams,  wbicb  have  been  issued  by  the  QoYemments  of  Spain 
and  Prussia. 

The  number  of  productive  mines,  in  Spain,  in  1862,  was  1,798, 
employing  32,789  miners.  The  results  of  their  labours,  and  those  of 
the  smelter,  were  as  follows  :* — 
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Of  the  above  quantities,  the  Goyemment  mines  of  Linares  produced 
of  lead  ore,  3,521  tons  ;  lead,  2,232  tons  ;  those  of  Bio  Tinto  of  copper- 
ore,  79,037  tons,  or  1,170  of  fine  copper ;  and  the  important  mercury 
mines  of  Almaden,  11,191  tons  of  ore  of  Cinnabar,  yielding  of  quick- 
silver, 894  tons.  Although  Spain  produces  the  largest  quantity  of 
lead-ores,  its  produce  of  lead  falls  below  that  of  Great  Britain, 
owing  to  the  poorness  of  the  minerala,  their  average  produce  faDing 
below  18  per  cent.,  while  the  produce  of  the  lead-ores  of  England 
averages  about  70  per  cent. 

The  Prussian  Government  has  published  a  valuable  set  of  Mineral 
and  Metallic  statistics — ^being  an  account  of  the  mineral  production  of 
the  States  for  the  ten  years,  1852 — 61.f  From  this  it  appears  that 
the  total  value  of  these  products  amounted  in  1861,  to  4,685,000Z. 
sterling.  The  number  of  mines  worked  were  2,304,  and  of  workmen 
employed  115,341.  Notwithstanding  the  insignificance  of  these 
returns  as  compared  with  the  mineral  wealth  of  Britain,  it  is  clear 
that  the  production  of  minerals  in  Prussia  has  increased  more  than 
six-fold  during  the  past  twenty-five  years. 

The  latest  returns  furnished  by  the  French  Government  of  the 
production  of  '^  Metals  other  than  Iron,"  show  that  in  twelve  depart- 
ments there  existed  28  mines  in  which  were  employed  3,072  workmen. 
The  value  of  the  argentiferous  lead  produced  was  1,545,365  francs — 
and  of  other  metals,  601,628  francs. 

There  are  few  sciences  which  move  so  slowly  as  Mineralogy — not- 
withstanding the  Treatises  by  Dana,f  by  Brook  and  Miller,§  and  the 

♦  •  Revista  Minera.'    Madrid,  1st  Nov.  18t58. 

t  *  Zuaamoieiistellung  der  statist ischen  Ergeboisse  dee  Bergwerks,  HUtten- 
and  Salinen-Betriebes  in  dcm  Preuaaisohen  Staate  wahrend  der  Zehn  Jahre  von 
1852  bis  1861.'    Bearbeitet  von  E.  Althaus.    4to.    Berlin  :  18G3. 

X  *  A  System  of  Mineralogy ;  oomprising  the  most  recent  Discoyeriea.'  By  James 
D.  Dana,  A.M. 

§  *  An  Elementary  Introduction  to  Mineralogy.'  By  the  late  William  Phillips. 
New  edition,  with  extensive  alterations  and  additions  by  H.  J.  Brooke,  F.B.S., 
F.G.8..  and  W.  H.  MiUer.  M.A.,  F.R.S.,  F.G.S. 
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Glossary  by  Bristow,*  which  last  will  be  found  one  of  the  most  nsefol 
of  books  to  the  young  student  in  this  interesting  field,  the  science  of 
minerals  makes  no  advance.  This  is  referable  to  the  cumbrous,  un- 
natural, and  confusing  nomenclature  which  besets  it.  To  call  oxide  of 
tin,  Cassiterite,  because  it  is  found  in  a  place  which  probably  was  at 
one  time  called  The  Cassiterides, — ^and  to  name  Copper-glance,  or  di- 
sulphide  of  copper,  Bedruthite^  on  the  erroneous  supposition  that  the 
best  specimens  of  this  Mineral  are  found  near  Eedruth,  is  neither  more 
nor  less  than  absm'd.  It  is  hoped  that  the  system  of  exact  nomen- 
clature which  has  tended  so  much  to  advance  Chemical  science,  will 
ere  long  be  applied  to  Mineralogy. 

There  has  recently  been  published  in  Paris  a  valuable  Manual  of 
Mineralogy,f  to  which  we  direct  the  attention  of  students.  It  was, 
the  author  informs  us,  his  first  intention  to  have  translated  the  ex- 
cellent work  on  this  science  by  Brook  and  Miller.  He  was,  however, 
induced  by  some  considerations,  connected  chiefly  with  the  optical 
section  of  the  science,  to  write  a  new  book,  of  which  the  first  volume 
only  is  published.  To  those  students  of  Mineralogy  who  desire  to 
enter  earnestly  on  the  study  of  CrystaUogi-aphy— and  the  optical 
characters  of  crystals — ^this  Manual  will  be  a  valuable  aid.  The 
completeness  with  which  the  localities  of  the  mineral  described  are 
given,  renders  this  work  an  example  to  some  of  our  English  Mineralo- 
gists, who  have  not  shown  the  requisite  caution  in  dcteimining  these 
with  exactness.  Indeed,  by  trusting  to  some  of  these,  M.  Des  Cloizeaux 
has  occasionally  been  led  astray. 

Dr.  Wedding,  of  Bonn,  has  directed  attention  to  an  ore  of  alumi- 
nium occurring  at  Baux,  near  Avignon;  hence  it  has  been  named 
Bauxite,  According  to  Meissionier,  it  penetrates  the  chalk  as  a  vein- 
like mass  for  a  length  of  nearly  two  miles.  This  ore  has  been  mistaken 
for  an  iron  ore,  and  employed  as  such.  It  consists  essentially  of 
alumina  and  peroxide  of  iron — which  reciprocally  replace  each  other 
— and  water.  It  contains  also  small  quantities  of  silicic  acid,  tita- 
nium, and  vanadium ;  some  varieties  contain  about  80  per  cent,  of 
alumina,  and  others  almost  as  much  oxide  of  iron.  This  ore  is 
applied  by  MM.  Morin  and  Co.  of  Nanterre,  and  Messrs.  Bell  of 
Newcastle,  to  the  manufacture  of  aluminium. 

The  discovery  of  rock-salt  at  Middleton-on-Tees,  by  Messrs. 
Bolchow  and  Yaughan,  is  of  great  probable  importance.  A  bed  of 
rock-salt  99  feet  in  thickness  has  been  pierced  by  boring  at  the 
depth  of  1,206  feet  from  the  surface.  Mr.  Marley's  paper  on  this 
discovery,  which  was  read  at  the  Newcastle  Meeting  of  the  British 
Association,  is  about  to  be  published  in  a  revised  form  by  the 
Institute  of  Mining  Engineers — to  this  we  shall  again  refer. 

Professor  N.  S.  Maskelyne  and  Dr.  Viktor  Von  Lang,  of  the 
British  Museum,  have  contributed  some  interesting  notices  of  Aerolites^ 
which  are  supposed  to  have   fallen  within  recent  years.  J       These 

*  *  A  Glossary  of  Mineralogy.*    By  Henry  William  Bristow,  F.G.S. 

t  *  Manuel  de  Mineralogie.'    Par  A.  Des  Cloizeaux,    Tom.  i.    Paris :  Dunod. 

X  *  Pbiloaophical  Magazine/  August,  1863. 
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notices  were  commenced  in  No.  165  of  the  *  Flulosoplucal  Magazine/ 
by  a  paper  '  on  Aerolites/  which  included  notices  of  a  &11  of  stones  at 
Butsnra,  in  India,  in  May,  1861.  Their  more  recent  paper  contains 
account  of  two  other  meteorites.  One  of  these  stones  fell  at  Ehira- 
gnrh,  28  miles  south-east  of  Bhurtpoor,  on  the  28th  March,  1860. 
Another — of  which  a  more  detailed  account  is  given — fell  on  the 
16th  August,  1843,  at  Manegaum,  in  the  collectorate  of  Ehandeish, 
in  India. 

Of  the  Manegaum  stone,  some  fragments,  amounting  only  to 
2i  ounces  have  been  preserved  in  the  collection  of  the  Asiatic  Society 
of  Bengal,  at  Calcutta,*  and  a  specimen  is  deposited  in  the  British 
Museum.  The  evidence  of  the  fall  of  this  stone  is  given  in  the 
following  words : — 

"Two  villagers  described  the  fall  as  having  been  witnessed  by 
them.  There  had  been  several  claps  of  thunder  with  lightning  some 
two  hours  previously,  and  the  northern  heavens  were  heavily  charged 
with  clouds ;  but  no  rain  had  fallen  for  eight  days  before,  nor  did  any 
fSeJl  for  four  days  after,  the  event.  Their  attention  was  arrested  by 
*  several  heavy  claps  of  thunder  and  lightning,'  and  they  ran  out  of 
a  shed  to  look  around,  when  they  saw  the  aerolite  fall  in  a  slanting 
direction  from  north  to  south  '  preceded  by  a  flash  of  lightning.' 
It  buried  itself  5  inches  in  the  ground,  and  appeared  as  a  mass  of 
about  15  inches  long,  and  5  inches  diameter.  It  exhibited  a  black 
vitreous  exterior,  and  was  of  a  greyish  yellow  inside.  At  first,  the 
observers  stated  it  to  have  been  (as  is  recorded  of  the  Bokkeveldt 
aerolite)  comparatively  plastic,  and  at  any  rate  to  have  become  more 
hard  and  compact  subsequently.  There  was  only  one  stone  seen,  and 
that  was  smashed  to  pieces.  Another  witness  mentioned  that  the 
stone  was  at  first  cool,  but  in  a  short  time  became  rather  warm." 
The  evidence  which  is  being  accumulated  by  Shepard,  Haidinger,  and 
others,  added  to  the  chemical  and  physical  examinations  to  which 
these  aerolites  have  been  subjected,  by  Kose,  Maskelyne,  and  Lang,  is 
advancing  our  knowledge  of  the  peculiarities  which  belong  to  those 
remarkable  bodies.  The  chemical  constitution  and  the  lithological 
characteristics  of  a  peculiar  class  of  stones,  appear  to  prove  their 
meteoric  origin.  It  must,  at  the  same  time,  be  evident  to  all,  that 
the  utmost  caution  is  necessary  in  examining  all  the  evidence  brought 
forward  as  descriptive  of  the  phenomena  accompanying  the  fall  of 
stones  through  the  atmosphere — and  that,  especially,  which  has  led  to 
the  assumption  that  certain  physical  and  chemical  peculiarities  are 
characteristic  of,  and  unmistakably  indicate,  a  true  meteoric  origin. 

Dr.  C.  T.  Jackson,  of  Boston,  U.S.,  gives  us  some  interesting 
particulars  of  a  mass  of  Meteoric  Iron  from  the  Dakota  Indian  terri- 
tory. It  was  found  on  the  surface  of  the  ground,  90  miles  from  any 
road  or  dwelling,  and  from  its  presenting  a  bright  surface  when  cut, 
it  was  thought  to  be  silver.  A  portion  of  about  10  lbs.  weight  was 
broken  from  the  original  mass,  which  weighed  about  100  lbs.     This 

•  •Proceedings  of  the  Asiatic  Society  of  Bengul*  for  1844  contains  the  first 
account  of  this  aSrolite. 
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was  snbjected  to  analysis,  and  its  meteoric  character  supposed  to  be 
determined.     The  constituents  of  the  Aerolite  were — 

Metalliclron      ....  91735 

Nickel  ....  6-532 

Tin 0063 

Phosphorus 0*010 

Cobalt  and  chrome  were  also  detected.* 

We  have  already  given  the  value  of  the  Metallurgical  products  of 
British  ores ;  there  is  little  of  novelty  in  the  furnace  operations  to  which 
they  are  subjected.  Although  numerous  patents  have  been  completed, 
and  notices  of  many  more  given,  for  improvements  in  the  processes  of 
smelting  the  several  metallic  ores,  there  is  scarcely  anything  of  suffi- 
cient importance  to  require  special  notice.  One  Patent  for  "  separating 
Silver  and  other  Metals  from  Lead,"  founded  on  a  principle  discovered 
by  M.  Clement  Boswag,  Engineer,  of  Paris,  promises  to  be  successful. 

In  carrying  out  this  invention,  the  first  operation  consists  in  fusing 
the  lead  containing  silver  and  incorporating  zinc  therewitL  For 
this  purpose  a  suitable  furnace  is  provided  with  a  melting-pot  or 
vessel,  in  which  the  lead  and  zinc  are  melted,  the  zinc  being  placed  in 
suitable  tubes  or  holders,  and  deposited,  after  the  lead  is  melted,  at  the 
bottom  of  the  vessel,  so  that  as  it  mclt«  it  rises  up  through  the  molten 
lead  by  reason  of  its  less  specific  gravity,  and  by  means  of  agitators  it 
is  uniformly  distributed  in  its  passage  through  the  fluid  lead.  When 
the  whole  of  the  zinc  is  melted  and  has  risen  to  the  surface  of  the 
molten  lead,  the  zinc  holders  and  the  agitators  are  removed  from  the 
vessel,  and  the  alloy  of  zinc  and  silver  is  skimmed  off  the  surface,  to 
be  operated  upon  in  £he  ordinary  manner  by  oxidation.  The  molten  lead, 
which  now  contains  a  small  percentage  of  zinc,  is  next  run  off  into  the 
hollow  of  a  reverberatory  furnace,  such  as  is  generally  used  for  an- 
nealing and  refining  lead,  and  the  zincy  lead  is  purified  by  keeping  it 
in  a  state  of  fusion  at  a  dull  red  heat,  and  subjecting  it  to  the  action 
of  the  vapours  or  gases  arising  from  tiie  burning  or  decomposition  of 
pieces  of  green  wood  enclosed  in  suitable  tubes  or  holders  below  the 
surface  of  the  molten  lead  ;  the  dross  of  the  zinc  (called  seconds)  is 
skimmed  off  during  the  process,  and  is  added  to  the  alloy  of  zinc  and 
silver  previously  obtained.  The  lead  thus  refined  is  run  into  ingots 
for  sale  or  use. 

Under  the  name  of  WcLsium^  a  new  Metal  has  been  recently  an- 
nounced by  M.  Bahr,  as  existing  in  the  Orthite  of  Norway.  M.  Nickles 
denies  the  reality  of  the  discovery — according  to  him,  the  supposed 
new  simple  body  is  but  impure  Yttrium. 

We  expected  to  have  examined  Dr.  Percy's  second  volume  of  Me- 
tallurgy, which  will  be  devoted  to  Iron  and  Steel ;  although  long  since 
announced,  it  is  not  yet  ready  for  publication.  We  may,  however, 
safely  predict  that  this  work  will  be  a  valuable  contribution  to  the 
Metallurgy  of  iron. 

The  late  Exhibition  furnished  many  striking  illustrations  of  the 
importance  of  mechanical  improvements  to   the  worker  in  Metals. 

♦  'The  American   Journal   of  Science  and   Arts.'      Conducted  by  Profcduor 
B.  Billiiiian  and  otliers.    No.  107,  September  1863. 
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This  has  been  most  strikingly  shown  in  the  application  of  mechanical 
engineering  to  several  branches  of  iron  manufacture. 

There  are  few  things  which  illustrate  the  giant  power  of  machinery 
more  entirely  than  the  manufacture  of  armour-plates.  A  number  of 
scientific  men,  and  some  of  the  Lords  of  the  Admiralty  witnessed 
recently  a  great  experiment  with  some  new  EoUing  Mills  belonging 
to  John  Brown  of  Sheffield.  These  rolls  have  a  first  foundation  of 
no  less  than  60  tons  of  solid  iron,  resting  on  masonry  caoried  far 
below  the  earth.  The  rollers  themselyes  are  32  inches  in  diameter, 
and  8  feet  wide,  and  are  turned  by  an  engine  of  400-horse  power. 
A  powerful  screw,  applying  its  force  through  compound  levers, 
allows  the  distance  between  the  rollers  to  be  adjusted  to  the  frac- 
tion of  an  inch,  so  that  the  plate  which  on  its  first  rolling,  is 
forced  through  an  interval  of — for  instance — 12  inches  apart,  is,  on 
its  next,  wound  through  one  of  ten  inches,  next  through  one  of 
8  inches,  and  so  on  until  the  required  thickness  has  been  carefully 
and  equally  attained  by  compression  through  every  part  of  the  metal. 
When  the  enormous  mass  of  iron  to  be  rolled  was  first  taken  fix)m 
the  heating  furnace,  and  brought  to  the  rollers,  it  was  found  that  they 
did  not  bite  directly  the  mass  came  to  them,  and  when  they  did,  the 
engine  was  almost  brought  to  a  stand-still  by  the  tremendous  strain 
upon  it ;  but  at  last  the  soft  plate  yielded,  and  the  rollers  wound  it 
slowly  in,  squeezing  out  jets  of  melted  iron,  that  shot  about  as  the 
pile  was  compressed  from  19  inches  to  17  inches  by  the  force  of  the 
rollers.  From  the  time  the  mass  had  once  passed  through  the  mill, 
it  was  kept  rolling  backwards  and  forwards,  the  workmen  sweeping 
from  its  face  the  scales  of  oxide  that  gathered  fast  upon  it.  Every 
time  the  plate  was  passed  through,  the  rollers  were  squeezed  closer 
and  closer  together,  until  at  the  end  of  a  quarter  of  an  hour  from  leaving 
the  furnace,  an  almost  melted  mass,  it  was  passed  through  the  ro^  for 
the  last  time,  and  came  out  a  finished  armour-plate,  weighing  20  tons, 
19  feet  long,  nearly  4  feet  wide,  and  exactly  12  inches  thick  throughout 
from  end  to  end. 

Attention  has  been  directed  by  Lieut.-Colonel  H.  Clerk,  B.A.,  to 
a  matter  of  some  engineering  importance,  "The  Change  of  Form 
assumed  by  Wrought  Iron  and  other  Metals  when  Heated  and  then 
Cooled  by  partial  Immersion  in  Water."  The  experiments  recorded 
in  a  communication  made  by  Colonel  Clerk  to  the  Boyal  Society 
originated  in  this  way  :— 

"  A  short  time  ago,  when  about  to  shoe  a  wheel  with  a  hoop  tire,  to 
which  it  was  necessary  to  give  a  bevel  of  about  gth  of  an  inch,  one  of 
the  workmen  suggested  that  the  bevel  could  be  given  by  heating  the 
tire  red  hot,  and  then  immersing  it  one-half  its  depth  in  cold  water. 
This  was  tried  and  found  to  answer  perfectly,  that  portion  of  the  tire 
which  was  out  of  the  water  being  reduced  in  diameter."  These  experi- 
ments have  an  important  bearing  on  many  engineering  problems  ;  the 
general  result  appears  to  prove  that  metals  heated  to  redness,  and 
partially  cooled,  by  having  one  portion  only  placed  in  cold  water, 
contract  about  one  inch  above  the  water  line,  and  that  this  is  the  same, 
whether  the  metal  be  immersed  one-half  or  two-thirds  of  its  depth. 
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Bt  far  the  most  important  subject  which  has  arisen  in  this  branch 
during  the  last  quarter,  or,  indeed,  for  many  years  past,  is  the  alleged 
discovery  of  photographs  taken  half  a  century  before  the  recognized 
birth  of  this  art.  An  immense  mass  of  evidence,  direct  and  collateral, 
has  been  collected  together  in  the  most  conscientious  and  energetic 
manner  by  Mr.  Smith,  Curator  of  the  Patent  Museum,  and  it  ceiiainly 
affords  strong  grounds  for  the  presumption  that  no  less  than  three,  if 
not  four,  distinct  classes  of  pictures,  each  by  a  different  process,  pro- 
duced about  the  year  1790,  are  now  in  existence,  there  being  the 
strongest  circumstantial  evidence  that  they  are  bond  fide  photographs. 
One  is  on  a  silver  plate,  pronounced  by  leading  members  of  the  Pho- 
tographic Society  to  be  an  undoubted  photograph  from  nature,  the 
subject  being  Mr.  Boulton's  house,  which  was  pidled  down  in  1791 ; 
the  picture  was  found  amongst  papers  in  Mr.  Boulton's  library,  which 
had  not  been  disturbed  during  the  present  century.  There  are  also 
two  pictures — one  of  them  undeniably  a  photograph — which  were 
found  by  Miss  Meteyard  amongst  papers  supplied  to  her  for  the 
purpose  of  writing  a  life  of  Wedgwood,  the  great  potter ;  and  from 
documents  of  that  date  they  are  said  to  have  been  produced  by  the 
younger  Wedgwood,  reference  being  made  to  a  lens,  camera,  and 
chemicals.  There  is  also  the  hearsay  evidence  of  an  old  retainer  of 
the  Boulton  family,  lately  dead,  of  the  silver  picture  of  Mr.  Boulton's 
house  having  been  taken  by  placing  a  camera  on  the  lawn ;  and  there 
was  a  society  called  the  '  Lunar  Society,*  the  membera  of  which  were 
said  to  produce  pictures  by  using  a  dark  room,  throwing  the  images 
on  to  a  table,  and  fixing  them,  by  some  chemical.  The  whole  subject 
has  recently  been  brought  before  the  Photographic  Society,  and,  on  a 
carefEil  analysis  of  the  evidence,  there  is  the  very  strongest  presump- 
tion, short  of  absolute  certainty,  that  this  important  discovery  was 
made,  and  then  suffered  to  die  out.  Only  a  few  links  in  the  chain  are 
wanting  to  establish  the  actual  proof,  and  from  the  intense  excitement 
the  subject  has  now  occasioned,  there  is  little  doubt  that  it  will  be 
sifted  to  the  bottom. 

The  measurement  of  the  chemical  action  of  light  has  lately  received 
considerable  attention.  Dr.  Phipson  *  has  published  a  process  which 
appears  to  promise  very  good  results ;  it  is  based  upon  the  fact,  that  a 
solution  of  sulphate  of  molybdic  acid  is  reduced  by  the  action  of  light 
to  a  lower  state  of  oxidation ;  and  by  measuring  this  amount  of  reduc- 
tion by  chemical  means,  a  correct  estimate  of  the  amount  of  actinism 
used  up  in  the  operation  is  obtained.  The  measurement  is  done  with 
a  standard  solution  of  permanganate  of  potash;  and  Dr.  Phipson 
states  that  his  observations  have  disclosed  the  fact,  that  the  amount  of 
actinism  during  the  day  varies  considerably,  describing  curves,  which 
are  not  only  irregular,  but  sometimes  present  sudden  deflections  of 
considerable  extent.  This  phenomenon  has  been  noticed  before. 
During  the  last  summer  many  correspondents  of  the  '  Photographic 

*  •  Chemical  News/  vol.  viii.  p.  135. 
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Nows '  have  stated  that,  on  oertain  days  during  particular  hours,  there 
seemed  to  be  an  akuost  total  absence  of  actinic  force.  In  some  in- 
stances five  and  six  times  the  ordinary  exposure  were  given  with  very 
imperfect  results ;  and  in  other  instances  twenty  times  were  tried  with 
no  elfect.  No  particular  atmospheric  influence  could  be  detected  at  work; 
and  on  subsequent  days,  apparently  identical  in  light  and  clearness, 
photographic  operations  were  conducted  with  their  usual  celerity. 
The  cause  of  this  great  variation  appears  to  have  some  connection 
with  the  dryness  of  the  atmosphere,  the  days  on  which  the  absence  of 
actinism  was  most  marked  having  been  intensely  hot  and  free  from 
humidity.  It  is  much  to  be  desired  that  a  simple  system  of  actino- 
metry  should  come  into  generel  use.  The  processes  of  Draper,  Niepce 
de  St.  Victor,  Bunsen  and  Boscoe,  Herschel,  Phipson,  and  others,  are 
very  useful,  but  rather  too  tedious  for  general  use.  What  we  want  is 
some  method  of  reading  off  the  amount  of  actinism  as  simply  as  we 
read  off  the  amount  of  heat  with  the  thermometer. 

A  most  elaborate  series  of  researches  on  the  behaviour  of  chloride, 
bromide,  and  iodide  of  silver  in  the  light,  and  on  the  theory  of  photo- 
graphy, has  recently  been  published  by  M.  H.  Vogel.*  The  researches 
have  extended  over  three  years,  and  are  of  the  most  exhaustive  cha- 
mcter.  We  have  only  space  to  give  some  of  the  bare  results  which  he 
has  obtained,  and  must  refer  our  readers  for  further  particulars  to  the 
original  memoir.  The  author  considers  that  the  action  of  light  upon 
chloride  and  bromide  of  silver  is  first  the  production  of  a  subchloride 
and  subbromide,  with  liberation  of  chlorine  and  bromine,  but  that 
the  iodide  of  silver  undergoes  no  chemical  change  whatever.  The 
action  of  acids  and  various  saline  solutions,  especi^y  nitrate  of  silver, 
has  been  studied  very  carefully,  and  some  of  the  results  are  of  con- 
siderable value.  The  effect  of  developing  agents  has  been  likewise 
examined,  and  the  whole  memoir  constitutes  one  of  the  most  im- 
portant contributions  to  the  science  of  photography  ever  published. 

A  valuable  improvement  has  been  inaugurated  in  the  manu&ctufe 
of  lenses  for  photographic  purposes.  By  the  ordinary  method  of 
grinding  and  polishing,  the  surfiftce  is  not  left  in  a  state  of  perfection 
anything  approaching  that  required  for  astronomical  glasses.  For  the 
usual  photographic  processes  this  surface  is  quite  good  enough,  al- 
though, when  carefuUy  examined  with  a  powei-ful  glass,  it  wiU  be  seen 
covered  with  irregularities,  the  remains  of  the  last  stages  of  the  grind- 
ing process.  To  attain  greater  perfection  entirely  different  means  have 
to  be  employed,  and  the  costly  nature  of  this  operation  is  one  reason 
why  telescopic  lenses  are  so  valuable.  For  some  purposes,  however,  in 
which  it  is  absolutely  necessary  to  get  perfect  delineation,  as  in  the 
copying  maps,  &c.,  a  lens  ground  in  the  ordinary  way  would  be  inap- 
plicable, and  perfection  must  not  be  hoped  for  unless  the  lens  possesses 
a  perfectly  continuous  spherical  surface  with  the  highest  possible 
polish.  Mr.  Osborn,  the  photographer  to  the  Melbourne  Government, 
who  is  engaged  in  copying  maps  for  the  Melbourne  Survey  Office,  has 
just  ordered  a  lens  from  Mr.  Dallmeyer,  the  cost  of  which  is  to  be 
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^50Z.  It  will  be  a  triple  aobromatic,  and  the  glasses  will  probably 
require  months  for  their  completion,  during  the  whole  of  which  time 
the  grinding  and  polishing  machinery  will  have  to  be  moving  under 
the  personal  superintendence  of  one  of  the  first  practical  opticians  in 
England.  The  experiment  is  necessarily  a  costly  one,  and  photo- 
graphers are  naturally  anxious  to  see  if  the  result  compensates  for  the 
enormous  additional  expense.  The  Melbourne  Groyemment  deserve 
the  thanks  of  all  photographers  for  the  spirit  of  enterprise  they  have 
shown  in  the  matter. 

From  time  to  time  rock  crystal  lenses  have  been  recommended  on 
account  of  their  superior  transparency  to  the  chemical  rays  of  light. 
Mr.  Grubb  has  put  this  theory  to  the  test  of  experience,  and  finds  that 
the  difference  is  not  so  great  as  has  been  imagined ;  for  instance,  a 
compound  lens  of  the  ordinary  make  transmits  87  for  every  100  rays 
which  the  rock  crystal  allows  to  pass.  It  is  therefore  only  13  per 
cent  worse,  whilst  in  flatness  of  field  and  achromatism,  the  glass 
lens  is  much  superior. 

M.  Gkiudin  suggests  that  lenses  should  be  made  from  fosed  rock 
crystal.  The  manufacture  of  these  is  simply  a  question  of  expense, 
and  they  might  possibly  be  achromatized  by  the  employment  of  other 
suitably  transparent  minerals. 

A  new  fixing  agent,  sulpho-cyanide  of  ammonium,  is  likely  ere  long 
to  supersede  hyposulphite  of  soda.  The  advantages  claimed  are, 
permanence  of  the  print,  and  great  facility  in  the  washing  operations ; 
but,  on  the  other  hand,  the  expense  is  l^ely  to  be  an  objection.  A 
little  time  ago,  the  new  agent  cost  4:8,  an  ounce ;  there  are  rumours 
that  it  can  now  be  procured  in  Paris  for  la.  lid.  per  lb.,  although  we 
have  been  quite  unable  to  obtain  any  at  this  price,  and  Mr.  Spence, 
the  manufacturing  chemist  of  Manchester,  has  just  erected  large  ap- 
paratus, by  means  of  which  he  hopes  to  supply  the  sulpho-cyanide  at 
even  a  less  price.  We  may  therefore  reasonably  anticipate  that  sulphur 
toning,  yeUow  whites,  and  fading  positives,  will  soon  have  gone  the 
way  of  the  Dodo  and  Megatherium. 

Celestial  photography  is  making  great  strides  on  the  other  side  of 
the  Atlantic.  Dr.  Henry  Draper  has  just  completed  a  large  reflecting 
telescope,  16  inches  in  aperture,  and  13  feet  focus,  which  he  intends  to 
devote  to  this  branch  of  science.  The  mirror  is  of  glass,  covered  at 
Sir  John  Herschel's  suggestion,  with  a  film  of  pi^cipitated  silver.  It 
is  sustained  in  a  walnut  tube,  hooked  with  brass,  and  specially  mounted 
to  avoid  tremor.  When  in  use  the  instrument  is  allowed  to  be  at  rest, 
clockwork  being  used  only  to  drive  the  sensitive  plate.  By  this  means, 
only  1  oz.  instead  of  half  a  ton,  is  moved.  A  photographic  laboratory 
is  attached  to  the  observatory,  and  the  apparatus  is  arranged  to  take 
photographs  of  the  moon  as  large  as  3  feet  in  diameter,  being  on  a  scale 
of  less  than  50  miles  to  the  inch.  From  the  reputation  which 
Dr.  Ditiper  has  already  earned  as  a  photographer  and  physical  philo- 
sopher, we  are  justified  in  expecting  that  celestial  photography  will 
advance  rapidly  in  his  hands. 
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IX.    PHYSICS. 

Light,  Heat,  and  Electbioity. 

LiOHT. — The  cause  of  the  scintillations  of  stars  Las  long  been  a 
puzzle,  not  only  to  children,  but  to  philosophers.  Many  explanations 
have  been  given,  but  none  are  quite  satisfactory.  Mr.  A.  Claudet  * 
has  thrown  some  new  light  upon  this  subject,  by  an  instrument  which 
he  has  devised,  called  the  chromatoscope.  He  attributes  the  beautiful 
sparkling,  with  changing  colours,  exhibited  by  certain  stars  on  a  clear 
night,  to  the  evolution  in  different  degrees  of  swiftness  of  the  various 
coloured  rays  they  emit.  These  rays  are  supposed  to  divide  during 
their  long  and  rapid  course  through  space,  and  we  see  them  following 
each  other  in  quick  succession,  but  so  rapidly  that,  although  we  see 
distinctly  the  various  colours,  we  cannot  judge  of  the  separate  lengths 
of  their  duration.  Mr.  Claudet*s  instrimient  consists  of  a  reflecting 
telescope,  part  of  which  is  caused  to  rotate  eccentrically  in  such  a 
manner,  tluit  instead  of  a  point  a  ring-like  image  of  the  star  is  seen. 
The  rapidity  of  rotation  is  adjusted  so  that  each  separate  colour 
given  by  the  star  is  drawn  out  into  a  large  segment  of  the  ring,  and 
in  that  manner  the  light  from  the  star  can  be  analysed  as  in  a  spec- 
troscope. 

In  observing  the  rays  of  sunlight  through  a  powerful  spectroscope 
many  additional  lines  are  visible  when  the  sun  is  near  the  horizon. 
These  are  called  telluric  rays,  as  they  have  been  shown  to  owe  their 
existence  to  some  components  of  the  earth's  atmosphere.  Father 
Secchi,  the  Eoman  Astronomer,  considers  that  aqueous  vapour  in  the 
atmosphere  is  the  principal  cause  of  these  telluric  rays,  and  this 
opinion  has  been  generally  adopted  by  physicists ;  but  M.  Volpicelli  | 
now  describes  experiments  to  prove  that  these  rays  are  independent  of 
the  presence  or  absence  of  aqueous  vapour  in  the  atmosphere.  In 
our  opinion  his  experiments  are  scarcely  conclusive ;  for  it  is  quite 
reasonable  to  suppose  that  the  passage  of  light  through  100  miles  of 
atmosphere  might  produce  effects  which  could  not  be  imitated  in 
a  laboratory  experiment. 

The  determinaticm  of  the  refracting  power  of  various  transparent 
liquids  and  solids,  a  matter  of  considerable  practical  importance,  is 
usually  effected  by  reference  to  certain  well-known  lines  in  the  solar 
spectrum.  It  would  be  much  easier  to  have  recourse  to  the  bright 
spectral  lines  of  coloured  flames,  which  are  obtainable  with  ease  at  any 
time,  whereas  the  employment  of  Fraiinhofer's  lines  is  dependent  on 
the  weather.  For  accurate  experiments  it  is  necessary  to  know  the 
length  of  the  waves  for  the  differently  coloured  rays,  and  this  informa- 
tion has  been  supplied  by  Dr.  J.  MuUer,;]:  by  means  of  one  of  Nobert's 
well-divided  glass  screens.     His  results  show  that  the  length  of  wave 
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of  the  red  lithium  line  is  0'0006733  millimetres.  The  wave  length 
of  the  yellow  sodium  line  is  0-0005918  miUim ;  *  that  of  the  green 
thallium  line  is  0*0005348  millim,  whilst  that  of  the  blue  strontium 
line  is  0-0004631  millim. 

Perhaps  the  most  powerful  spectroscope  in  the  world  has  recently 
been  constructed  by  Professor  Cooke.  It  has  nine  bisulphide  of  carbon 
prisms,  which  are  constructed  of  cast-iron,  with  parallel  sides  of  glass, 
special  precautions  being  taken  to  remedy  the  curvatm*e  of  the  glass 
plate  from  the  hardening  of  the  glue.  The  nine  prisms  are  almost 
optically  perfect,  and  the  light  is  bent  by  them  through  nearly  360®. 
By  its  means  Professor  Cooke  has  established  the  following  points :  — 
1.  The  lines  of  the  solar  spectrum  are  as  innumerable  as  the  stars  ; 
at  least  ten  times  as  many  being  visible  as  are  shown  in  Kirchhofifs 
Chart,  with  an  infinitude  of  nebulous  bands,  just  on  the  point  of  being 
resolved.  No  less  than  nine  additional  lines  are  seen  enclosed  within 
the  fixed  line  D,  one  being  nebulous  and  showing  signs  of  rcsolva- 
bility  under  further  increase  of  power.  2.  It  proves  that  the  coinci- 
dences between  the  metallic  lines  of  artificial  spectra  and  the  corrcR- 
ponding  dark  lines  of  the  solar  spectrum  remain  perfect  under  this 
increase  of  optical  power.  The  two  sodium  lines  can  be  spread  out 
BO  as  to  allow  of  the  thousandth  part  of  the  intermediate  space  being 
distinguished,  and  still  their  coincidence  with  the  Fraunhofer  lines  is 
absolute.  3.  Many  of  the  bands  of  metallic  spectra  are  broad  coloured 
spaces  crossed  by  bright  lines ;  this  is  especially  the  case  in  the  calcium, 
barium,  and  strontium  spectra. 

Some  reliable  experiments  on  the  photometric  value  of  the  electric 
light  have  been  pubfished  by  Professor  W.  B.  Kogers.f  The  battery  was 
very  powerful,  consisting  of  250  carbon  elements,  each  having  an  active 
zinc  sur&oe  of  85  square  inches.  They  were  grouped  in  fine  battalions 
of  50  each,  and  the  light  was  obtained  in  an  apartment  where  a  range 
of  about  50  feet  could  be  obtained  for  the  photometric  apparatus.  In- 
stead of  an  ordinary  standard  light,  equivalent  to  20  candles,  a  unit 
was  substituted  ten  times  as  great,  equal  therefore  to  200  candles.  By 
a  series  of  experiments  with  the  naked  electric  light  unaided  by  a  re- 
flector, it  was  found  that  its  intensity  was£rom  52  to  61  times  as  great 
as  the  standard  light,  making  it  equal  in  illuminating  power  to  10,000 
to  12,000  standard  sperm  candles.  With  the  rays  concentrated  by  a 
parabolic  reflector,  its  illuminating  force  had  a  value  equal  to  several 
millions  of  candles  all  pouring  forth  their  light  at  the  same  time.  The 
only  previous  measurement  of  the  illuminating  power  of  the  electric 
light  which  we  can  call  to  mind  is  one  given  by  Bunsen.  This  was 
taJken  with  a  less  powerful  battery  (48  cells),  and  the  photometric 
equivalent  was  estimated  at  572  candles ;  giving  a  proportion  of  12 
candles  to  the  cell,  whilst  Professor  Rogers'  estimate  gives  the  ratio 
of  40  candles  to  the  cell. 

♦  Fraiinhofer's  measurement  for  the  dark  line  D  of  the  solar  spectrum  gave  it 
a  wave  length  of  0*0005888. 
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An  improved  process  for  silyering  glass  for  telescopic  purposes  has 
been  published  by  M.  Martin.*  He  uses  four  liquids : — The  first 
being  a  10  per  cent,  solution  of  nitrate  of  silver ;  the  second,  liquor 
ammoniaB  sp.  gr.  '970 ;  the  third,  a  4  per  cent,  solution  of  caustic 
soda ;  and  the  fourth,  a  12^  per  cent,  solution  of  white  sugar,  to  which 
he  adds  a  i  per  cent,  of  nitric  acid,  and  affcer  20  minutes'  ebullition 
adds  25  parts  of  alcohol,  and  water  to  make  up  the  bulk  to  250.  The 
silvering  liquid  is  made  by  mixing  together  twelve  parts  of  solution  1 ; 
then  eight  parts  of  No.  2  ;  next  twenty  parts  of  No.  3  ;  then  sixty  parts 
of  distilled  water ;  and  finally,  in  twenty-four  hours'  time,  ten  parts  of 
No.  4.  The  object  to  be  silvered  is  then  to  be  immersed  in,  when  it 
will  be  immediately  covered  with  a  film  of  reduced  silver,  which  in  ten 
or  fifteen  minutes'  time  will  be  sufficiently  thick  for  use.  After  having 
been  well  washed  with  distUled  water  and  dried,  the  surface  may  be 
polished  with  chamois  leather  and  rouge. 

During  some  researches  on  the  compounds  of  mercury  with  the 
organic  radicals,  Dr.  Frankland  and  Mr.  B.  Duppa  discovered  a  sub- 
stance which  they  call  mercuric  methide.  This  body  is  a  transparent 
colourless  liquid,  of  the  specific  gravity  of  3-069,  so  heavy,  in  fact,  that 
dense  lead  glass  floats  upon  its  surface.  It  has  been  suggested  by  Mr. 
Spiller  that  this  would  be  an  admirable  liquid  for  fluid  prisms.  At  pre- 
sent the  only  substance  suited  for  this  purpose  is  bisulphide  of  carbon, 
which  is  not  half  the  density,  besides  being  objectionable  on  account  of 
its  offensive  odour,  its  great  volatility,  and  easy  ignition.  Mercuric 
methide  is  superior  to  bisulphide  of  carbon  in  all  tiiese  respects,  and 
its  preparation  in  quantity  would  not  be  attended  with  any  particular 
difficulty. 

A  most  ingenious  application  of  some  well-known  facts  connected 
with  the  reflection  of  light  by  prisms,  has  been  brought  forward  by 
Mr.  Henry  Swan,  at  the  meeting  of  the  British  Association.  He  takes 
two  rectangular  prisms  of  flint  glass,  placed  with  their  widest  sides  in 
contact.  The  two  copulsB  of  a  stereoscopic  picture  are  placed  in  con- 
tact with  this  combination,  one  being  at  the  back  and  the  other  at  the 
side.  Upon  now  viewing  this  arrangement  with  the  two  eyes,  the 
picture  at  the  back  is  seen  only  by  one  eye,  whilst  the  side  picture  is 
the  only  one  seen  by  the  other  eye,  the  result  being  that  the  picture 
appears  projected  into  the  centre  of  the  block  of  glass,  possessing  as 
much  apparent  solidity  as  if  it  were  a  model  cut  in  ivory. 

HEAT.-^Tho  relation  of  radiant  heat  to  aqueous  vapour  is  being 
thoroughly  investigated  by  Professor  Tyndall.t  He  has  found  that 
pure  dry  air  is  almost  perfectly  transparent  to  heat-rays,  but  that,  on  a 
day  of  average  humidity,  the  quantity  of  aqueous  vapour  diffused  in 
London  air  produces  upwards  of  sixty  times  the  absorption  of  the  air 
itself.  This  fact  is  of  vast  importance  to  meteorological  science.  Ten 
per  cent,  of  the  entire  radiation  of  heat  from  the  earth  is  absorbed  by 
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the  aqueous  vapour  which  exists  within  1 0  feet  of  the  earth's  surface 
on  a  day  of  average  humidity.  Wet  weather,  saturating  the  atmosphere 
with  vapour,  acts  as  a  warm  blanket  to  the  earth,  whilst  cold  frosty 
weather,  by  drying  the  air,  allows  more  heat  to  radiate  from  the  earth, 
and  produces  a  still  greater  degree  of  cold.  The  relation  which  those 
facts  bear  to  many  obscure  phenomena  of  climate  is  fully  discussed  by 
Professor  TyndaU  in  the  paper  already  mentioned. 

The  destructive  energy  of  hot  water  in  steam-boiler  explosions  has 
been  made  the  subject  of  an  investigation  by  the  Astronomer  Boyal.*  As 
the  result  of  many  experiments,  he  concludes  that  the  destructive  energy 
of  one  cubic  foot  of  water,  at  the  temperature  which  produces  a  pressure 
of  60  lbs.  to  the  square  inch,  is  equal  to  that  of  1  lb.  of  gunpowder. 

A  very  sensitive  thermometer  has  been  described  by  Dr.  Joule.f 
It  consists  of  a  glass  tube,  2  feet  long  and  4  inches  in  diameter,  divided 
longitudinally  by  a  blackened  pasteboard  diaphragm,  with  spaces  of 
about  an  inch  at  the  top  and  bottom.  In  the  top  space  a  bit  of  mag- 
netized sewing-needle,  famished  with  a  glass  index,  is  suspended  by  a 
single  filament  of  silk.  The  arrangement  is  similar  to  that  of  a 
bratticed  coal-pit  shaft,  and  the  slightest  excess  of  temperature  of  ono 
side  over  that  of  the  other  occasions  a  circulation  of  air  which  ascends 
on  the  heated  side,  and,  after  passing  across  the  glass  index,  descends 
on  the  other  side.  As  a  proof  of  the  extreme  sensibility  of  the  instru- 
ment, it  is  able  to  detect  the  heat  radiated  by  the  moon.  A  beam  of 
mooiilight  was  admitted  through  a  slit  in  a  shutter,  and  as  the  ray 
passed  gradually  across  the  instrument,  the  index  was  deflected  severed 
degrees,  showing  that  the  air  in  the  instrument  had  been  raised  a  few 
ten-thousandths  of  a  degree  in  temperature  by  the  moon's  rays. 

Many  researches  on  the  intensity  of  the  electrical  current  developed 
by  different  thermo-electric  pairs  have  been  published  by  M.  Edmond 
Becquerel ;  he  finds  that  the  best  thermo-electrifc  couple  is  composed  of 
platinum  and  palladium,  the  two  metals  being  unaltered  by  heat,  and 
the  intensity  of  the  current  increasing  regularly  with  the  temperature. 
This  electric  pyrometer  was  compared  with  graduated  air-thermometers, 
and  by  this  means  many  high  temperatures  have  been  able  to  be 
expressed  in  centigrade  degrees.  We  give  a  few  :-~The  boiling  point 
of  sulphur  is  448°;  the  fusing  point  of  silver  is  916°;  the  fusing 
point  of  gold,  1,037° ;  the  fusing  point  of  palladium,  between  1,360° 
and  1,380°;  the  fusing  point  of  platinum  between  1,460°  and  1,480°; 
the  highest  temperature  of  a  fragment  of  magnesia,  before  the  oxy- 
hydrogen  blow-pipe,  1,600° ;  whilst  the  limit  of  temperature  of  the 
positive  carbon  of  the  voltaic  arc  is  2,000°. 

A  convenient  gas-furnace  for  experimental  purposes  has  long  been 
wanted.  Many  contrivances  have  been  made  having  for  their  object 
the  production  of  a  furnace-heat  with  gas,  but  they  have  invariably 
required  an  artificial  blast  of  air,  thus  rendering  it  necessary  for  one 
person  to  be  in  attendance,  and  hard  at  work ,  during  the  whole  of  the 

*  British  Association,  Newcastle  Meeting. 

t  *  Proceedings  of  the  Literary  and  Philosophical  Society  of  Manchester.' 
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operation.  Mr.  Gore*  has  described  a  new  gas-furnace,  which  possesses 
many  advantages  over  those  hitherto  used.  It  would  be  difficult  to 
render  its  oons^ction  intelligible  without  drawings ;  but  the  value  of 
it  may  be  understood  when  we  say  that  the  smallest  size  will  melt  half- 
a-pound  of  copper  or  six  ounces  of  cast-iron  in  less  than  a  quarter  of 
an  hour,  at  a  cost  of  about  one  halfpenny.  The  melted  substances  are 
perfectly  accessible  to  be  manipulated  upon  for  a  continuous  and 
lengthened  period  of  time,  without  contact  with  impurities  or  with  the 
atmosphere,  and  without  lowering  their  temperature  sufficiently  to  cause 
them  to  solidify.  Moreover,  these  advantages  are  secured  by  means 
of  ordinary  coal-gas  and  atmospheric  air,  without  the  use  of  a  bellows 
or  a  loffcy  chinmey,  or  of  regenerators  or  valves  requiring  frequent 
attention. 

Eleotbioitt. — The  passage  of  an  electrical  discharge  through 
various  gases  and  between  electrodes  of  various  metals,  gives  rise  to 
different  luminous  phenomena.  When  this  light  is  examined  in  the 
spectroscope,  it  has  been  foimd  that  each  elementary  gas  or  metal 
possesses  certain  well-marked  characteristic  lines,  and  it  has  generally 
been  assumed  : — 1.  That  each  substance  has  a  sot  of  lines  peculiar  to 
itself.  2.  That  those  lines  are  not  produced  or  modified  by  any  mole- 
cular agent  except  heat.  3.  That  the  spectrum  of  one  substance  is 
in  nowise  modified  by  the  presence  of  another;  in  such  cases  both 
spectra  co-existing  independently,  and  are  merely  superposed.  4.  That 
electricity  does  not  make  matter  luminous  directly,  but  only  by  heating 
it,  so  that  the  electric  spectrum  differs  in  nothing  from  that  produced 
by  heat  of  sufficient  intensity.  Dr.  Bobinson  has  examined  these 
questions  in  a  long  and  laborious  investigation,  and  the  result  has  been 
presented  to  the  Koyal  Society,  in  a  Paper  "  On  the  Spectra  of  Electric 
Light."  The  opinion  to  which  his  results  seem  to  point,  is  that  the 
origin  of  the  lines  is  to  be  referred  to  some  yet  undiscovered  relation 
between  matter  in  general  and  the  transfer  of  electric  action ;  ihe  places 
of  the  lines  being  invariably  the  same,  but  their  hrightneas  being 
modified  according  to  circumstances. 

Since  attention  has  been  directed  to  the  enormous  variation  in  elec- 
tric conducting  power,  caused  by  the  admixture  of  even  minute  quan- 
tities of  metallic  or  other  impurities  in  copper,  it  has  become  a  question 
of  some  interest  to  determine  the  electric  conducting  power  of  all  the 
pure  metals.  Professor  Matthiessen  j  has  continued  his  researches  on 
this  subject,  and  has  lately  determined  the  electrical  relations  of  pure 
thallium.  At  the  freezing  point  of  water  this  metal  has  a  conducting 
power  equal  to  9*16  (pure  silver  being  100),  and  its  conducting  power 
decreases  between  the  freezing  and  boiling  point,  31*420  per  cent., 
which  is  a  larger  percentage  decrement  than  that  obtained  for  many 
other  pure  metals,  namely,  29*307  per  cent.}  The  conducting  power 
of  pure  iron  was  found  to  be,  at  0®  C  =  16*81,  with  a  percentage  decre- 
ment for  an  increase  of  temperature  to  100**  C  =  38*1.     The  conducting 

•  •  Chemical  News,'  vol.  viii.  p.  2. 
t  'Philosophical  Trausacti^ms,'  1863. 
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powers  of  the  pure  metals  giyen  inthe  following  table,  shows  the  places 
which  the  above  metals  take  in  the  series. 

Conducting  Power  «t  ifi. 

SUver 10000 

Copper 99*95 

Gold 77-96 

Zinc 29*02 

Gadmiiun 23*72 

Cobalt 1722 

Iron 16-81 

Nickel 1311 

Tin 12-36 

Thallinm 916 

Lead 8-82 

Anenic  ••••••••        4*76 

Antimony     • 4*62 

Bismuth 1*245. 

It  has  long  been  a  desideratum  amonsst  electricians  to  obtain  a 
battery  having  the  constancy  of  Daniells  without  the  annoyance 
attending  the  nse  of  a  porous  cell.  Two  such  batteries  have  been 
described  lately.  One  is  the  invention  of  M.  Jacobini,  and  consists  of 
a  glass  vessel,  in  which  is  placed  a  cylinder  of  copper  pierced  witJi 
holes ;  outside  this  is  a  larger  cylinder  of  zinc.  The  copper  cylinder 
is  filled  with  powdered  sidphate  of  copper,  tightly  pressed  down,  and 
the  remainder  of  the  space  in  the  glass  vessel  is  filled  with  sand, 
touching  the  zinc  cylinder  on  both  sides.  Water  is  then  poured  in,  so 
as  to  saturate  both  the  sand  and  powdered  sulphate  of  copper,  and  the 
arrangement  is  covered  up.  Several  hours  dapse  before  the  electric 
current  begins  to  develope  itself  actively.  It  l^en  increases  for  a  few 
days,  and  finally  sinkB  again  till  its  power  becomes  constant.  Father 
Becchi  has  had  a  battery  of  this  kind  in  use  for  three  months,  and 
reports  that  it  is  as  efficient  as  when  first  constructed. 

The  other  battery  is  the  invention  of  M.  Grenet,  and  is  a  modi- 
fication of  the  sulphate-of-merouiy  pile  of  M.  Marie-Davy.  At  the 
bottom  of  a  glass  jar  a  quantity  of  acid  sulphate  of  mercury  is  placed. 
A  stick  of  gas-carbon  and  a  cylinder  of  zinc  are  supported  upright  in 
the  jar  by  means  of  a  cork,  which  closes  the  upper  part  of  the  vessel ; 
water  is  then  carefully  poured  in,  and  the  whole  is  set  aside,  where  it 
will  not  be  shaken  or  moved.  A  wire  connected  with  the  carbon  forms 
the  positive  pole,  whilst  the  zinc  forms  the  negative  pole.  The  water 
becoming  gradually  charged  with  sulphate  of  mercury,  attacks  the  zinc ; 
the  hydrogen  which  is  evolved  reduces  the  mercury  on  the  carbon,  and 
the  metal  as  it  accumulates  falls  down  to  the  bottom  of  the  vessel.  If 
the  apparatus  is  not  shaken,  there  are  formed  two  layers  of  liquid — 
the  lower  one  consisting  almost  entirely  of  a  solution  of  the  mercury 
salt,  whilst  the  upper  layer  contains  the  sulphate  of  zinc.  It  is  owing 
to  this  separation  that  l^e  porous  vessel  is  able  to  be  dispensed  with. 
The  batt^  is  employed  of  two  sizes — the  larger  one  contains  500 
grammes  of  water  and  100  grammes  of  mercury  salt ;  the  smaller  con- 
tains respectively  100  grammes  and  80  grammes.  They  are  said  to 
keep  in  perfect  order  for  six  months  at  a  time,  without  once  requiring 
to  be  touched. 
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If  we  were  asked  to  state  what  it  is  that  more  especially  characterizes 
the  scientific  Practitioner  of  Medicine  of  our  own  day,  we  should  state 
it  to  be  the  strong  desire  whereby  he  is  actnated  to  investigate  the 
conditions  which  lead  to  the  prodaction  of  disease,  the  laws  that  re-> 
gnlate  its  propagation,  and  the  means  by  which  its  exciting  canses  may 
be  diminished  or  altogether  destroyed.  The  modem  physician  does 
not  waste  his  energies  or  bum  the  midnight  lamp  in  anxious  strivings 
after  the  philosopher's  stone,  in  vain  researches  for  some  subtle  elinr 
or  fragrant  balsam,  with  a  few  drops  of  which  he  might  hope  to  charm 
away  disease,  to  renew  the  life's  blood,  and  impart  to  the  frail  and 
tottering  form  of  age  the  vigour  and  elasticity  of  youth.  Neither  does 
he  now  rely  in  his  treatment  of  disease  on  complicated  formuhe,  which 
like  the  once  celebrated  Mithridate  of  the  ancients,  consisted  of  some 
two  score  ingredients,  nor  on  nauseous  and  disgusting  remedies,  whicli, 
like  the  oriental  Bezoar  stones,  or  the  Album  Grtecum,  were  invested 
with  a  reputed  efficacy  proportioned  to  the  repulsiveness  of  their 
origin.  All  this  is  now  changed.  A  striving  after  simplicity  is  the 
order  of  the  day.  The  sufficiency  of  the  natural  processes  of  re* 
covery,  when  aided  by  a  few  appropriate  remedies,  is  more  widely 
recognized.  The  necessity  of  ensuring  an  abundant  supply  of  fresh 
air,  of  practising  social  and  personal  cleanliness,  of  procuring  a  mo- 
derate yet  sufficient  quantity  of  food,  and  of  guarding  by  precautionary 
measures  against  the  specisJ.  risks  attendant  on  the  pursuit  of  certain 
occupations,  is  now  loudly  proclaimed. 

The  importance  of  paying  due  attention  to  all  such  wise  and  simple 
sanatory  regulations,  is  not  only  at  the  present  time  acceded  to  by  the 
medical  profession  and  the  more  intelligent  of  the  general  public,  but 
has  at  length  been  folly  recognized  by  the  Legislature.  The  admir- 
able reports  which,  in  obedience  to  the  FubHc  Health  Act  for  1858, 
have  now  for  a  series  of  years  been  annually  submitted  to  the  Privy 
Council  by  their  medical  officer,  Mr.  Simon,  have  contributed  in  no 
small  degree  to  the  distribution  of  sound  information  on  many  of  the 
causes  that  lead  to  the  production  of  diseases,  and  on  the  means 
which  ought  to  be  taken  to  mitigate  or  prevent  them.  Of  the  many 
reports  which  have  proceeded  from  his  pen,  there  is  none,  we  think, 
exceeding  in  general  interest  the  one  published  in  the  autumn  of  the 
past  year.*  It  embraces  careful  inquiries  into  the  efficacy  of  the  pre- 
sent system  of  public  vaccination,  and  particulars  as  to  the  supply  and 
distribution  of  vaccine  lymph ;  into  the  diseases  which  may  result  from 
the  pursuit  of  some  industrial  occupations ;  into  the  influences  probably 
exerted  by  the  distress  in  the  cotton-manufacturing  districts  in  the 
production  and  spread  of  typhus  and  other  starvation  diseases  ;  on  the 
effect  produced  on  the  human  body  by  the  consumption  of  the  milk  or 
flesh  of  diseased  animals,  and  on  the  best  steps  for  lessening  the  pre- 
valence of  disease  amongst  our  domestic  animals.    As  these  subjects 

*  Fifth  Beport  of  the  Medical  Officer  of  the  Privy  Connoil.    London,  1863. 
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all  possess  a  considerable  scientific  and  practical  value,  it  may  not  be 
without  interest  to  examine  into  some  of  the  leading  conclusions  to 
wbich  Mr.  Simon  has  been  led  in  the  course  of  his  inquiries. 

The  existence  during  the  List  few  years  of  several  wide-spread 
epidemics  of  small-pox,  in  different  parts  of  the  country,  has  caused 
much  public  attention  to  be  directed  to  the  working  of  the  various 
statutes  which  the  Legislature  has  enacted  for  the  national  protection 
against  that  disease.  Doubts  have  even  been  thrown  by  some  on  the 
efficiency  of  the  vaccine  matter  at  present  employed.  It  has  been  as- 
sumed itisA  its  protecting  powers  have  been,  through  long-continued 
transmission  from  one  individual  to  another,  worn  out  or  greatly  im- 
paired, and  that  a  more  frequent  recourse  to  the  original  source  from 
which  it  was  obtained  ought  to  have  been  resorted  to.  But  on  this 
matter  Mr.  Simon  speaks  both  decidedly  and  assuringly.  He  re- 
quested Mr.  Robert  Geely,  of  Aylesbury,  "  to  whom  more  than  to  any 
man,  since  Jennor,  the  medical  profession  of  this  country  is  indebted 
for  its  knowledge  of  the  natural  history  of  vaccination,"  to  inspect  all 
the  sources  whence  lymph  is  conveyed  to  the  National  Vaccine  Estab- 
lishment ;  and  the  result  of  that  inspection  has  been  to  assure  Mr. 
Ceely  "  of  the  perfectly  satisfactory  character  of  the  lymph  there^  in 
use." 

Of  the  workings  of  the  different  enactments  for  ensuring  a  complete 
system  of  vaccination  the  report  is  anything  but  satisfactory — nay, 
the  public  defences  against  small-pox  are  in  a  great  measure  insufficient 
and  delusive.  The  neglect  of  local  authorities  in  enforcing  vaccina- 
tion in  the  workhouses  and  schools  under  their  control ;  the  imperfec- 
tion of  the  arrangements  for  providing  at  the  public  expense  thoroughly 
good  vaccination,  so  that  it  should  be  everywhere  and  gratis  within 
reach  of  those  who  may  choose  to  avail  themselves  of  it ;  and  the 
omission  in  many  cases  to  give  the  required  notification  of  such 
arrangements,  even  when  they  may  have  been  provided,  have  all  ope- 
rated in  bringing  Mr.  Simon  to  this  conclusion.  But  now  that  attention 
has  been  directed  to  these  cases  of  neglect  in  the  working  of  the  exist- 
ing machinery,  it  is  to  be  hoped  that  means  will  be  taken  to  ensure  a 
thorough  vaccination  of  the  people,  and  if  needful  to  compel  it.  We 
are  slow  indeed  in  this  country  to  enact  anything  which  may  seem  to 
impose  an  unnecessary  restriction  on  personal  liberty ;  but  the  per- 
sonal liberty  of  the  individual  must  always  be  subordinate  to  the 
general  good«  The  welfare  of  the  whole  community  is  so  closely  con- 
nected with  this  question  of  compulsory  vaccination,  that  we  ^ould 
not  regret  to  see  the  day  when  the  production  of  a  vaccination  certifi- 
cate will  be  as  essential  to  holding  any  office,  to  gaining  employment, 
or  to  obtaining  admittance  to  a  school,  as  an  attestation  of  correct 
principles  and  good  moral  character. 

The  diseases  of  animals  employed  as  food  by  man  possess  an 
interest  both  in  a  sanatory  and  economic  point  of  view.  The  in- 
fluence which  the  flesh  of  diseased  animals  exorcises  upon  those  who 
may  consume  it  has  for  some  time  attracted  attention.  Many  strong 
representations  on  this  subject  have  been  made  by  Professor  John 
Gamgeo,  Principal  of  the  New  Veterinary  College,  Edinburgh,  and  in 
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1862  he  was  reqneBted  by  Mr.  Simon  to  prepare  a  special  report,  wliich 
is  included  in  the  volnme.  The  result  of  die  very  elaborate  inquiries 
which  Mr.  Gramgee  has  conducted  has  been  to  show  that  disease  has 
prevailed  during  the  last  few  years,  and  still  prevails  very  extensively, 
amongst  horned  cattle,  sheep,  and  swine,  and  that  the  diseased  animals 
are  largely  employed  as  human  food.  The  diseases  with  which  these 
animals  are  affected  may  conveniently  be  classed  under  three  heads  : — 
1st,  Contagious  Fevers ;  2nd,  Anthracic  and  Anthracoid  Disorders ; 
3rd,  Parasites.  The  chief  forms  of  the  contagious  fevers  are  those 
which  are  more  commonly  known  as  the  pleuro-pneumonia,  or  lung 
disease,  of  homed  cattle,  and  the  aphthous  fever,  murrain,  or  foot  and 
mouth  disease,  which  attacks  not  only  homed  cattle  but  also  sheep  and 
swine.  Small-poz  also  sometimes  attacks  sheep,  and  not  many  months 
ago  an  outbreak  of  it  excited  much  alarm  in  Wiltshire.  \N  hat  influence 
then  will  the  consumption  of  the  flesh  of  animals  so  diseased  have 
upon  those  consuming  it  P  Bepulsive  though  it  may  be  to  our  notions 
to  eat  the  flesh  of  animals  which  have  died  of  such  disorders,  and 
though  we  may  be  inclined  on  a  priori  grounds  to  suppose  it  might 
generate  disease  in  those  who  eat  it,  yet  more  extended  investigations 
must  be  made  before  we  can  state  absolutely  what  the  disorders  are 
which  it  induces  in  the  human  frame. 

Y  The  anthracic  and  anthracoid  diseases  are,  it  is  said,  frequently 
accompanied  with  peculiar  changes,  in  some  respects  putre&ctive, 
in  the  blood ;  erysipelatious  and  carbimcular  affections  also  sometimes 
occur,  and  Ihe  body  of  the  animal  may  develope  in  itself  a  specific 
morbid  poison,  which,  by  inoculation,  can  be  communicated  to  other 
animal R,  and  cases  have  been  recorded  in  which  disease  and  even 
death  in  man  have  followed  the  use  of  cooked  meat  derived  from 
animals  suffering  from  anthrax. 

The  parasitic  diseases  of  the  domestic  animals  are  both  numerous 
and  important.  The  so-called  '*  measles ''  of  the  pig  is  nothing  more 
than  the  diffusion  of  a  parasite,  the  cysticercus  ceUiQosflB,  through  the 
muscular  system  of  the  animal ;  the  "  sturdy  *'  of  the  sheep  is  due  to 
the  development  of  the  coenurus  cerebralis  in  the  brain  ;  the  **  rot "  of 
sheep  to  the  production  of  flukes,  a  speeies  of  distoma,  in  the  liver ; 
a  form  of  lang-disease  is  produced  by  the  development  in  those 
organs  of  different  kinds  of  strongylus  ;*  and  the  muscular  system  may 
be  infested  by  multitudes  of  a  minute  microscopic  worm,  the  trichina 
spiralis.  Now,  there  can  be  no  question  that  meat  affected  with  one 
or  other  of  the  above  parasites  may  become  the  source  of  disease  in  man. 
Observations  on  this  head  have  been  so  multiplied  that  this  statement 
may  be  made  in  the  most  positive  manner.  That  most  troublesome 
and  annoying  of  all  the  worms  infesting  the  human  bowel,  viz.  the 
tapeworm,  has  been  shown  by  the  roFearches  of  Yon  Siebold  and 
Euchenmeister  to  be  derived  from  eating  the  flesh  of  "measly" 
pork,  the  cysticercus  cellulosse  of  the  pig  becoming  developed  into 
the  tisnia  solium  of  the  human  bowel :  and  by  the  ingestion  of  the 
coenurus  cerebralis,  another  form  of  tsBnia,  the  tsenia  coenurus  is  pro- 
duced.     But  perhaps  the  most  curious  of  all  these  parasites  is  the 

*  A  nematoid  worm. 
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trichina  spiralis  which  infests  the  mnscnlar  system.  So  long  as  it 
remains  in  the  muscle,  it  lies  quietly  coiled  up  in  a  spiral  form  in  a 
small  cyst.  But  as  the  recent  investigations  of  Yirchow,  Lenckart, 
Zenker,  and  Turner  have  shown,  when  the  flesh  of  an  animal  con- 
taining these  worms  is  swallowed,  they  become  disengaged  from  their 
cysts,  young  worms  deyelope  in  the  interior  of  the  femedes,  and  this 
takes  place  with  such  rapidity  that  in  a  few  days  the  intestinal  mucus 
becomes  packed  with  multitudes  of  minute  threadlike  worms.  Then 
from  the  intestines  they  migrate  in  swarms  into  the  muscular  system, 
and  there  enclose  themselves  in  cysts  possessing  the  same  form  as  those 
with  which  their  parents  were  enveloped.  The  flesh  employed  as  human 
food  which  is  most  frequently  infested  by  the  trichina  is  that  of  the 
pig,  and  more  than  one  case  has  now  been  recorded  in  which  violent 
symptoms,  and  even  death,  have  followed  the  use  of  the  flesh  of  the 
trichinatous  pigs,*  and  Professor  Leuckart  has  found  that  trichina 
meat  retains  much  of  its  injurious  properties,  even  after  some  amount 
of  pickling  and  smoking.  We  may  learn,  then,  from  these  instances, 
how  important  it  is  that  animals  adOfected  with  such  parasitic  diseases 
should  not  only  most  scrupulously  be  avoided  as  articles  of  human 
food,  but  that  their  flesh  should  not  even  be  given  to  other  animals. 

The  great  diminution  which  has  taken  place  in  the  supply  of  cotton 
and  the  consequent  stoppage  of  the  factories  of  our  numerous  Lan- 
cashire towns,  by  throwing  many  thousands  of  persons  out  of  employ- 
ment, necessarily  excited  much  anxiety  not  only  as  to  how  money  was 
to  be  procured  for  their  maintenance,  but  the  heist  and  most  economical 
way  in  which  this  money  was  to  be  spent.  The  report  that  typhus 
lever  was  making  its  appearance  in  some  of  the  towns  also  excited 
attention  and  alaim,  and  in  obedience  to  the  wishes  of  the  Lords  of 
the  Privy  Council,  Mr.  Simon  requested  Dr.  Buchanan  and  Dr.  E. 
Smith  to  visit  the  distressed  districts  and  report  upon  the  local  pre- 
cautions taken  to  prevent  that  destitution  which  breeds  disease,  and  to 
obtain  more  exact  information  with  regard  to  the  minute  economics  of 
diet.  The  report  of  Dr.  E.  Smith  is  of  a  most  complete  and  elaborate 
nature.  He  has  in  it  endeavoured  to  answer  two  important  questions. 
1st.  What  is  the  minimum  allowance  of  money  to  purchase  suf&cient 
food  for  the  maintenance  of  health  p  2nd.  Wliat  is  the  best  method 
of  expending  that  allowance  P 

He  has  compiled  a  large  collection  of  formuba  and  dietaries,  with 
the  wholesale  prices  and  nutritive  values  of  the  articles  employed. 
His  estimates  are  based  on  the  real  amount  of  nutriment  which  is  re- 
quired by  these  populations ;  viz.  30,100  grains  of  carbon,  and  1,400 
grains  of  nitrogen,  weekly.  He  suggests  that  relief  should  be  ad- 
ministered in  three  ways — in  money,  cooked  food,  and  uncooked  food. 
From  the  actual  experience  of  the  people,  it  would  appear  that  single 
persons  now  spend  weekly  28.  4:}^d.  each  for  food  ;  but  in  the  case  of 
families,  where  there  are  young  children,  the  rate  of  expenditure  is 

•  As  these  pages  are  going  through  the  press,  we  notice  a  paragraph  in  the  daily 
public  prints,  in  which  it  is  stated  that  at  Herrstadt,  in  Prussian  Silesia,  a  large 
number  of  persons  who  had  eaten  at  dinner  trichinatous  pork,  were  taken  suddenly 
and  sarioudy  ill,  and  that  of  these  sixteen  died. 
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under  2$,  This  snm  of  2a.,  at  the  present  rates  of  prices  for  food,  ap- 
pears to  be  the  dividing  line  between  sufficiency  and  insufficiency,  as 
by  an  expenditure  below  that  sum,  health  cannot  be  maintained.  There 
is  also  much  interesting  information  on  the  comparatiye  digestibility 
of  certain  foods,  and  en  the  influence  which  they  exercise  both  on  the 
secretions  and  excretions.  This  report  of  Dr.  Edward  Smith's  we 
look  upon  as  a  yalnable  oontribntion  to  the  study  of  dietetics,  and  one 
which  ought  to  be  carefully  perused  by  all  who  take  an  interest  in 
providing  economicaUy  a  due  quantity  and  variety  of  nutritious  food 
for  the  poor  and  destitute. 

The  effect  produced  by  the  pursuit  of  certain  occupations,  on  the 
health  of  the  employed,  has  for  some  years  past  excited  much  attention. 

The  prevalence  of  phthisis  amongst  file-makers,  the  tendency  to 
bronchitic  disorders  exhibited  by  coal-miners,  the  paralytic  affections 
and  attacks  of  colic  so  frequent  amongst  workers  in  lead  and  its  com- 
pounds, the  diseases  of  the  nervous  system  which  attack  looking- 
glass  sllverers,  watch  gilders,  and  others  exposed  to  mercurial  emana- 
tions, have  long  been  subjects  of  discussion,  and  many  ingenious  plans, 
mechanical  and  otherwise,  have  been  devised  for  warding  off  the  per- 
nicious effects  resulting  from  the  pursuit  of  such  occupations.  The 
increase  which  has  of  late  years  taken  place  in  the  industrial  appli- 
cations of  phosphorus,  and  of  the  compound  of  arsenic  called  emendd 
green,  or  ScheeLe's  green,  and  the  cases  in  which  injurious,  nay  &tal, 
effects  have  been  product  on  those  employed  in  their  manixfacture 
and  use,  induced  Mr.  Simon  to  request  Dr.  Bristowe  and  Dr.  Quy  to 
make  inquiries  and  report  thereon.  From  the  careful  examination 
which  Dr.  Bristowe  has  conducted  into  the  methods  employed  in  lucifer 
match-making — the  chief  industrial  application  of  phosphorus, — ^he 
concludes  that  the  disease  of  the  jaw-bone,  to  which  match-makers  are 
especiaUy  liable,  might  be  altogether  avoided  if  amorphous  instead  of 
common  phosphorus  were  employed,  and  that  this  form  of  match  would 
possess  the  additional  advantage  of  not  being  spontaneously  combus- 
tible, and  therefore  not  so  liable  to  cause  fires.  There  are,  indeed, 
certain  difficulties  in  the  way  of  carrying  out  the  application  of  the 
amorphous  phosphorus.  But  it  is  the  opinion  of  Mr.  Albright,  one 
of  the  largest  manufacturers  of  phosphorus,  '*  that  if  the  use  of  the 
common  form  were  prohibited,  the  end  would  be  attained  completely 
in  six  months,  to  the  satisfiiction  of  the  manu&cturers  and  the  public 
advantage." 

The  recent  extensive  employment  of  emerald  green  in  ^the  manu- 
fiusture  of  wall  papers,  coloured  ornaments  of  confectionery,  artificial 
leaves  and  flowers,  green  tarlatans  for  dresses,  children's  toys,  ^., 
has  afforded  Dr.  Guy  abundant  material  for  the  preparation  of  his  in- 
teresting report.  He  makes  many  suggestions  as  to  methods  which 
might  be  adopted  to  prevent  or  dimmish  the  risk  of  poisoning  by 
this  pigment,  and  we  recommend  all  those  who  may  be  connected 
with  the  different  branches  of  industry  in  which  this  brilliant  green 
is  employed,  to  attend  carefoUy  to  the  conclusions  to  which  he  baa 
arrived. 

At  those  two  great  scientific  Congresses,  the  British  Association  for 
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the  AdTancement  of  Science,  and  the  Social   Science  Association, 
which  now  assemble  every  aatmnn  in  one  or  other  of  our  large  towns, 
various  questions  affecting  public  health  were  at  their  last  meetings 
brought  before  their  appropriate  sections.     To  some  of  the  most  im- 
portant of  these  we  wUl  now  refer.     As  was  not  unnatural,  the  meet- 
ing of  the  British  Association  last  autumn  in  Newcastle,  the  centre  of 
one  of  our  most  important  coal-producing  districts,  called  forth  some 
interesting  papers  bj  Drs.  Wilson,  White,  and  B.  W.  Richardson,  on  the 
habits  and  diseases  of  the  miners,  and  on  means  which  might  be  em- 
ployed for  diminishing  the  evil  effects  of  breathing  noxious  vapours 
and  gases.      An  excellent  paper  by   Dr.  G.  Bobinson,  on  organic 
effluvia,  was  also  communicated,  in  which  the  author  showed  that  those 
abnormal  constituents  of  the  atmosphere  which  are  recognized  under 
that  term,  may  be  resolved  into  four  principal  groups,  viz. : — 1st.  Gases 
and  vapours  formed  during  the  decomposition  of  'organic  matter. 
2nd.  Odoriferous  particles  sui  generis.     3rd.  Volatile  organic  matters 
not  endowed  with  vitality.   4th.  Living  germs.     On  those  last-named 
constituents  of  the  atmosphere  many  valuable  observations  were  made 
by  Mr.  James  Samuelson,  whose  suggestion  that  the  atmosphere  of 
hospitals  should  be  tested  microscopically  for  living  germs,  appears 
to  us  to  be  of  much  importance. 

The  great  Sepoy  mutiny,  &c.,  by  necessitating  a  much  larger  number 
of  European  troops  to  be  retained  in  India  for  defensive  purposes 
than  was  formerly  required,  has  compelled  the  attention  of  the  autho- 
rities to  the  need  of  greater  care  in  promoting  and  preserving  the 
health  of  the  soldiers  stationed  there,  both  in  camp  and  barracks. 
Papers  on  this  subject  were  read  before  the  British  Association  by 
Drs.  Bird,  Stewart,  Clark,  and  Camps,  and  at  the  Social  Science  As- 
sociation by  Miss  Nightingale  and  the  Bev.  Dawson  Bums.  From 
the  report  of  the  Eoyal  Commission  on  the  sanatory  state  of  the  army 
in  India,  it  would  appear  that  the  death  rate  amongst  the  British 
troops  serving  in  India  amounts  to  no  less  than  69  per  1,000  per 
annum.  Now  taking  the  strength  of  the  British  army  in  India  at 
73,000,  it  follows  that  such  an  army  would  lose  somewhat  over  5,000 
men  annually,  equal  to  an  entire  brigade.  And  as  in  unhealthy  sea- 
sons the  death  rate  rises  to  double  the  above  amount,  we  may  well  ask 
with  Miss  Nightingale,  *'  Where  are  the  10,000  recruits  to  be  found 
to  fill  up  the  gap  of  a  single  unhealthy  year  ? "  and  say  with  her, 
«'  that  on  the  better  preservation  of  the  health  of  our  troops — hinges 
the  very  important  social  question,  viz. — How  the  British  race  is  to 
hold  possession  of  India,  and  to  bestow  upon  its  vast  population  the 
benefit  of  her  own  civilization  ?  "  This  great  mortality  is  due  to  two 
distinct  sets  of  causes,  for  one  of  which  the  authorities  are  respon- 
sible ;  the  other  is  to  be  ascribed  to  the  personal  habits  of  the  men 
themselves.  The  building  of  barracks  in  bad  situations,  the  crowding 
together  of  a  large  number  of  men,  the  insufficient  supply  of  fresh 
water,  the  imperfect  ventilation,  and  the  deficient  drainage  are  all 
causes  of  disease  which  are  imder  the  control  of  the  Government,  and 
for  which  it  ought  to  be  made  responsible. 

The  excessive  use  of  animal  food  and  ardent  spirits  are  those  vices 
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amongst  tlie  personal  habits  of  tlie  soldier  whicli  call  most  loudly  for 
correction  and  reform,  and  we  cannot  but  think  that  if  proper  steps  be 
taken,  the  mortality  arising  from  them  may  be  largely  diminished. 
Experience  has  shown  that  the  proper  carrying  out  of  sanatory  prin- 
ciples in  other  parts  of  the  globe  in  which  Britidi  troops  are  quartered, 
has  succeeded  in  effecting  great  improvements  in  the  health  of  the 
men,  and  we  see  no  reason  why  the  same  good  result  should  not  follow 
the  application  of  the  same  principles  in  our  Indian  empire. 

We  cannot  close  this  brief  resume  of  some  of  the  most  important 
recent  contributions  to  Sanatory  Science,  without  directing  attention 
to  the  suggestive  address  on  many  matters  connected  with  public 
health,  delivered  at  the  Edinburgh  meeting  of  the  Social  Science 
Association,  to  the  department  over  which  he  presided,  by  Professor 
Christison. 

In  this  address  Dr.  Christison  inquires  into  the  mode  in  which 
the  principal  diseases  or  groups  of  diseases  are  influenced  by  the 
agents  which  affect  public  health.  One  of  the  most  remarkable  facts 
which  he  elucidates  is  the  total  disappearance  of  ague  which  has  of  late 
years  taken  place  in  Scotland,  a  country  in  which  at  one  time  it  was 
very  common.  This  disappearance  does  not  indeed  seem  to  be  coin- 
cident with  the  drainage  and  agricultural  improvements  which  have 
been  carried  on  so  energetically  there  for  many  years  past ;  for  the 
decline  in  the  disease  took  place  before  such  improvements  were  car- 
ried out.  The  co-existence  of  typhus  fever  with  deficient  ventilation 
and  cleanliness  and  want  of  work  is  forcibly  pointed  out,  but  the  de- 
cline which  has  of  late  years  taken  place  in  Edinburgh  in  the  number 
and  fatality  of  the  visitations  of  this  disease  is  ascribed  by  the  Pro- 
fessor to  changes  in  the  type  or  constitution  of  epidemic  diseases, 
rather  than  to  any  satisfactory  improvement  in  the  cleaning  of  the 
lanes  and  houses  of  the  working  classes.  In  the  case  of  the  typhoid 
or  enteric  fever.  Dr.  Christison  thinks  that  something  more  is  to  be 
looked  for  in  endeavouring  to  decide  upon  its  mode  of  origin  than  ill- 
drained  streets,  defective  water-closets,  and  foul  air.  All  these  cir- 
cumstances certainly  favour  its  invasion,  but  its  true  cause  lies  in 
something  more  specific,  and  whilst  better  drainage  and  more  perfect 
ventilation  ought  to  be  encouraged,  yet  they  alone  are  not  sufficient  to 
extirpate  enteric  fever.  These  statements  are  in  opposition  to  much 
that  recent  writers,  both  medical  and  non-medical,  have  been  for 
many  years  back  strongly  inculcating,  and,  as  was  naturally  to  be  ex- 
pected, have  not  been  allowed  to  pass  unchallenged.  But  we  cannot 
help  thinking  that  as  the  deliberately  expressed  opinions  of  a  phy- 
sician, who  has  possessed  opportunities  of  studying  fever  second  to  no 
man,  they  are  deserving  of  much  careful  consideration.  From  a  sta- 
tistical comparison  of  the  mortality  of  the  large  towns  of  Scotland  with 
the  agricultural  counties,  the  greater  frequency  of  the  diseases  de- 
pendent on  a  depraved  state  of  the  constitution  in  the  former  than 
the  latter  is,  as  might  naturally  be  expected,  clearly  proved.  The 
address  concludes  by  showing  that  the  Western  Islands  of  Scotland, 
in  spite  of  their  mist-laden  atmosphere  and  exposed  position,  eijoy 
an  idmost  complete  immunity  from  pulmonary  consumption. 
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XL   ZOOLOGY  AND  PHYSIOLOGY. 

pROFBSBOB  OwBN  Has  made  a  Beport  upon  the  departments  of  Natural 
History  in  the  British  Museum  for  the  year  1862,  which  speaks  favour- 
ably of  the  general  condition  of  the  collection  as  to  preservation, 
though,  as  far  as  the  stored  animals  in  the  vaults — many  thousands  in 
number— are  concerned,  each  successive  year  of  such  storage  increases 
the  difGiculty  of  keeping  the  specimens  in  a  good  state.  The  skins 
of  Mammalia  and  Birds  are  in  good  condition,  and  available  for  scien- 
tific examination,  though  exhibiting  some  signs  of  the  effects  of  damp. 
The  Insects  and  Crustacea  are  also  easily  available,  and  in  good  con- 
dition ;  but  the  Mollusca  in  spirits  are  so  crowded,  that  access  to  the 
specimens  not  in  the  front  row  is  difficult  and  hazardous,  and  their 
utility  greatly  abridged.  The  exhibited  specimens  in  ^e  various 
galleries  are  described  as  showing  only  the  degree  of  detriment  which  is 
inevitable  from  exposure,  with  &e  utmost  amount  of  care ;  but  these 
are  in  general  so  crowded  as  to  impair  their  utility.  The  additions 
to  the  Zoological  department  in  the  year  1862,  were  13,129  in  number, 
including  several  great  rarities  and  valuable  specimens,  such  as  Troglo* 
dytes  veuero8U8,  a  new  anthropoid  ape,  discovered  by  Captain  Burton 
in  the  Cameroon  mountains  of  West  Tropical  Africa ;  a  new  tortoise 
(Gydemys  Mouhotii),  from  the  Lao  Mountains  in  Cochin  China;  three 
or  four  new  species  of  crocodiles ;  1,911  fishes  have  also  been  added, 
many  of  them  new  species,  and  of  them  128  have  been  placed  in  the 
BritLsh  Collection. 

M.  Thury,  Professor  in  the  Academy  of  (Seneva^  has  made  a  dis* 
covery,  which,  if  it  be  corroborated,  will  be  one  of  the  utmost  value 
in  the  farm  and  homestead.  He  has  arrived  at  a  formula  for  obtaining 
cattle  of  either  sex  ai  toiU.  The  duration,  character,  and  signs  con- 
nected with  the  period  of  heat  in  the  oow  upon  which  it  is  proposed 
to  experiment  must  be  first  ascertained.  These  being  known,  in 
order  to  ensure  a  cow-calf  congress  must  be  effected  on  the  first  ap- 
pearance of  the  access  of  this  period ;  while  a  bull-calf  may  be  as 
certainly  ensured,  by  making  us^  of  the  termination  of  this  period. 
It  is  necessary  to  exclude  from  the  experiment  those  animals  in  which 
the  signs  of  heat  are  vague  and  uncertain,  as  is  observed  in  feit  cattle, 
and  confined  individuals ;  but  healthy  cows,  and  those  living  in  the 
open  air,  must  be  used  for  the  purpose.  The  experiments  made  upon 
cattle  at  Montet,  appear  to  have  been  decisive,  if  we  may  judge  from 
the  following  results  : — "  In  the  first  place,"  says  the  breeder,  "  in 
twenty-two  successive  cases  I  have  sought  to  obtain  heifers ;  my  cows 
were  of  the  Schwitz  race,  and  my  bull  pure  Durham  blood.  I  obtained 
the  result  sought  for  in  every  case.  Having  later  purchased  a  Durham 
cow,  I  sought  to  obtain  a  pure  Durham  bull-calf,  and  succeeded,  and 
have  since  obtained  six  other  bulls,  crossed  between  Durham  and 
Schwitz.  Altogether,  I  have  made  twenty-nine  experiments,  and 
every  one  has  given  l^e  result  sought."  The  importance  of  such  a 
law  will  be  evident^ — and  especially  will  such  results  be  valuable  in 
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oonntrieB  where  it  is  desirable  to  obtain  oxen  for  working  purposes ; 
as  in  others,  oows  are  the  most  Talned  animals.  Moreover,  the  same 
remarks  will  apply  to  afteep. 

A  series  of  experiments  is  about  to  be  oonduoted  on  the  Imperial 
Ikrm  at  Vineennes,  in  order  to  test  the  valne  and  truth  of  the  discovery. 

While  on  the  subject  of  cattle,  it  may  be  well  to  refer  to  a  practice 
adopted  by  M.  Charlier,  for  the  suppression  of  horns,  an  operation 
which  may  sometimes  be  of  great  advantage.  In  the  early  months  of 
life,  when  the  rudiment  of  the  horn  begins  to  appear,  it  may  be  done 
without  danger  or  expenae,  the  owner  himself  operating  with  feMsility. 
The  instrument  used  is  a  kind  of  trephine,  a  small  cylinder  of  good 
steel,  with  a  sharp  cutting  edge  at  one  end  and  a  point  at  the  other. 
This  instrument  is  placed  around  the  young  horn,  bearing  sufficiently 
on  it  to  cut  through  the  skin  and  subjacent  tissue  at  the  base  of  the 
horn,  and  then  everting  the  soft  horn,  which  offers  no  resistance.  The 
wound  heals  in  a  few  days  afterwards  without  suppuration,  and  gene- 
rally without  any  febrile  symptoms. 

In  the  beautiful  and  elaborate  Memoir  published  by  the  Smithsonian 
Institution  (Smithsonian  Contributions  to  Knowledge,  xiiL  169),  en- 
titled '  Eesearches  upon  the  Anatomy  and  Physiology  of  Bespiration 
in  the  Chelonia,'  by  Drs.  Weir  Mitchell,  and  G.  B.  Moorehouse,  some 
curious  errors  of  previous  writers  are  pointed  out  with  regard  to  the 
respiratory  movements  in  Turtles.  All  writers  upon  this  subject, 
including  Malpighi,  Cuvier,  Johannes  Miiller,  Milne  Edwards,  Agassiz, 
&c.,  appear  to  have  described  the  act  of  breathing  to  be  performed  by 
them  thus : — by  the  depression  of  the  hyoid  apparatus  and  tongue 
air  is  drawn  into  the  mouth  through  the  nostnls,  which  are  wen 
closed ;  and  by  raising  the  hyoid,  air  is  driven  from  the  mouth  through 
the  glottis  and  trachea  into  the  lungs,  when  inspiration  is  completed. 
Expiration  being  effected  by  the  contraction  of  the  abdominal  muscles, 
and  the  consequent  compression  of  the  lungs.  Instead  of  this,  the 
authors  of  this  Memoir  have  proved  that  tiie  hyoid  apparatus  has 
nothing  whatever  to  do  with  ordinary  breathing,  but  that  iMpiraiion  is 
performed  by  the  abdominal  muscles,  which  naturally  form  a  deep 
concavity,  but  contracting  become  flat,  draw  down  the  viscera,  enlarge 
the  cavity  of  the  trunk,  which  enlargement  is  followed  by  a  rush  of 
air  through  the  trachea  into  the  lungs,  when  inspiration  is  completed ; 
while  expiration  is  produced  by  the  action  of  a  peculiar  muscle,  now 
first  completely  described,  like  a  broad  digastric,  which  arises  from 
the  fore  and  hind  part  of  the  shield,  and  unites  by  a  broad  tendon 
across  the  middle  of  the  abdominal  cavity,  between  which  muscle  in 
front  and  the  shield  behind,  are  included  the  viscera — and  by  contrac- 
tion of  which  expircUion  is  effected.  It  is  remarkable  that  this  correct 
view  has  since  been  found  by  the  authors  to  be  set  forth  in  a  dissertation 
on  the  subject  written  at  Grottingen,  in  1795,  byHobert  Townson,  LL.D., 
and  they  were  smrprised,  on  learning  the  singularly  correct  views  there 
propounded,  to  find  that  they  had  ever  since  been  either  unappre- 
ciated or  condemned. 

Signer  Trinohese  has  been  engaged  in  the  investigation  of  the 
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neryotiB  system  of  the  Gasteropodons  Mollnsca,  taking  as  types  the 
Helix  pomatia,  Arion  rufits,  and  LymnsBa  stagnalis.  He  finds  that 
in  all  the  nervous  centres  of  these  animals  there  are, — around  or  pyri- 
form  cells  of  variable  dimensions,  enveloped  in  a  thick  sheath  of  con- 
nective tissue ;  small  cells  of  irregularly  triangular  form,  round  which 
no  envelope  is  perceived ;  and  £ree  nuclei,  like  those  met  with  in  the 
grey  matter  of  the  cerebro-spinal  axis  in  Vertebrates.  The  cells 
usually  present  four  prolongations,  passing  to  each  of  the  cells  sur- 
rounding them,  whilst  other  processes  pass  between  the  latter  to  other 
cells  at  a  greater  or  less  distance.  These  cells  are  usually  found  in  the 
peripherical  portions  of  the  ganglia,  the  interior  being  occupied  with 
fibres  and  conjunctive  tissue.  The  optic  ganglia  consist  of  free 
nuclei  and  nervous  fibres  proceeding  from  the  anterior  part  of  the 
cerebroid  ganglia,  two  in  number.  On  the  anterior  portion  of  them 
in  Helix  and  Arion,  there  are  four  small  accessory  cerebroid  gan- 
glia ;  and  on  the  course  of  the  nerves  connecting  the  cerebroid  masses 
with  the  pedal  or  abdominal  ganglion,  there  is  a  small  ganglion, 
composed  of  cells  united  in  groups,  like  the  compartments  of  an 
orange.  The  peripheral  nerves  are  formed  of  very  delicate  tubes, 
having  on  their  wtJls  nuclei  similar  to  those  which  are  observed  in 
the  higher  animals  in  the  Embryonal  state.  Their  mode  of  termi- 
nation in  the  muscles  is  remarkable.  The  nervous  element  on  arri- 
ving at  the  muscular  fibre,  loses  its  proper  wall,  and  the  axis-cylinder 
alone  penetrates  the  muscle,  dividing  into  two  very  slender  filaments. 
These  take  opposite  directions,  each  traversing  one-half  of  the  mus- 
cular fibre,  on  arriving  at  the  extremity  of  which  they  terminate  in 
very  fine  points. 

Although  we  have  long  been  acquainted  with  the  young  state  of 
the  true  crabs,  and  hermits,  under  the  form  known  as  Zoea,  especially 
distinguished  by  the  want  of  the  ten  feet  to  which  the  adult  animals 
are  indebted  for  their  name  of  Decapoda,  it  is  only  recently  that  Fritz 
Miiller  has  described  the  Zoea  forms  of  the  Porcellans  as  approach- 
ing most  closely  to  those  of  the  crabs.  He  has  now  added  the  in- 
teresting fact  lliat  in  certain  Prawns  and  Stomapoda  (as  probably 
Squilla  mantis)  similar  conditions  occur.  The  metamorphosis  of  the 
former  commences  sometimes  (as  in  the  Cirripeds)  with  monoculoid 
forms,  and  passes  through  very  peculiar  Zdeoid  and  Mysis-like  states, 
sometimes  with  Zoea  forms  which  in  structure  and  mode  of  movement 
resemble  those  of  Hermit  Crabs,  whilst  in  others  we  can  hardly  say 
that  there  is  any  metamorphosis.  Dr.  Midler  has,  however,  described 
and  figured  a  little  animal  which  he  considers  the  Zoea  of  a  Stomapod, 
of  glassy  transparency,  in  which  the  segments  exist  in  almost  the  same 
number  as  in  the  matiu*e  Stomapods,  the  sixth  and  seventh  abdominal 
segments  only  being  not  yet  distinct  from  each  other.  As  in  the  Zoeas 
of  the  Crabs  and  Porcellanffi,  the  appendages  of  the  sixth  hinder 
thoracic  segments,  and  the  lateral  laminse  of  the  caudal  fin  were  also 
as  yet  entirely  deficient.     They  possess  only  a  median  eye. 

So  little  is  known  of  the  habits  and  modes  of  life  of  marine  animals, 
that  we  cannot  but  feel  much  interested  and  deeply  indebted  for  care- 
frdly  observed  facts  in  this  department.     Such  are  those  of  the  curious 
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relations  existing  between  the  Crab,  Pagoms  Prideanzii,  and  l!ie 
Zoophyte,  Adamsia  palliata.  These  two  incongruous  animals  are,  it 
is  well  known,  constantly  found  associated  together,  and  although  we 
have  found  them  difficult  to  keep  alive  in  an  aquarium,  Lieut.  CoL 
Stuart  Wortley  has  been  more  successful,  and  has  observed  the  crab, 
after  eating  two  pieces  of  meat  given  to  it,  seize  a  third  with  its  large 
claw,  and  thrust  it  into  the  expectant  mouth  of  the  Adamsia.  This 
has  been  frequently  repeated.  On  leaving  its  shell,  for  the  purpose 
of  establishing  itself  in  a  new  one,  the  Pagurus  returned  to  the  old 
shell,  and  dislodged  the  Adamsia  with  its  pointed  claws,  during  which 
rough  process  no  acontia  were  thrown  out,  as  would  be  done  on  the 
slightest  irritation  from  any  other  source ;  and  when  entirely  separated, 
the  crab  holds  it  firmly  witii  its  base  against  the  new  shell  until  it  has 
affixed  itself.  It  remained  on  one  occasion  for  an  hour  in  this  position, 
when,  finding  Adamsia  did  not  affix  itself  readily,  it  returned  to  its  old 
shell  upon  which  Adamsia  firmly  attached  itself  as  before.  So  attached 
does  the  crab  appear  to  be  to  its  helpless  companion,  and  so  loath  to 
quit  its  hold  upon  it,  that  Col.  Wortley  concludes,  as  we  were  inclined 
to  do  from  &cts  observed  in  dredging  when  they  were  abundant,  that 
Adamsia  palliata  is  almost,  if  not  quite,  a  necessity  of  existence  to 
Pagurus  Prideauxii.  The  converse,  however,  cannot  be  said,  for  we 
have  kept  a  specimen  of  Adamsia  alive  for  twelve  months  unattached 
to  any  shell,  the  Pagurus  having  died  on  the  day  succeeding  its  capture. 
Ajiother  remark  on  the  habits  of  Crustaceans  has  been  furnished  by 
Mr.  Moore,  Curator  of  the  Liverpool  Museum,  in  reference  to  the  King 
Crab  (Polyphemus)  of  which  several  living  specimens  have  been  sent 
over  by  Professor  Agassiz.  The  long  spine-like  tail  of  this  species 
Las  excited  much  question  as  to  its  use.  If  they  are  turned  over  on 
their  backs,  they  bend  down  the  tail  until  they  can  reach  some  point 
d'ctppui,  and  then  use  it  to  elevate  the  body  and  gain  their  normal 
position.  The  function  assigned  to  it  by  some,  viz.  of  placing  it  under 
the  body  and  leaping  from  place  to  place,  has  never  been  observed. 

Eudolf  Leuckart  has  made  some  interesting  observations  upon  the 
development  of  the  Acanthocephcdi,  the  only  group  of  Entozoa  whose 
development  had  hitherto  eluded  the  investigations  of  naturalists. 
Scattering  the  ova  of  six  or  eight  Echinorhynchi  of  the  species  E,  pro^ 
teu8  in  a  bottle  containing  Qammari^  he  found  in  a  few  days  a  great 
number  of  these  ova  in  the  intestines  of  the  Gammari.  The  embryos 
quitting  their  envelopes  passed  into  the  abdominal  cavity  of  the  Crus- 
taceans. After  three  or  four  weeks  the  embryo  underwent  a  singular 
metamorphosis,  which  converted  its  nucleus  into  a  true  Echinorhynchus, 
like  an  Echinorderm  in  its  Pluteus.  This  rapidly  increases  in  size, 
and  finally  fills  the  body  of  the  embryo,  which  becomes  transformed 
into  the  envelopes  external  to  the  muscular  tube  of  the  worm,  and  dis- 
tinguished by  a  proper  vascular  system.  When  the  spinous  armature 
of  the  head  is  formed,  it  draws  back  into  the  posterior  part  of  its  body 
like  a  Cysticercus  in  its  vesicle.  Leuckart  has  counted  fifty  or  sixty 
parasites  in  a  single  Gammarus. 

Considerable  attention  has  been  devoted  to  the  characters  of  the 
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AmoBbina,  by  two  gentlemen  who,  tbougli  they  do  not  agree  in  all 
their  resultB,  will  no  doubt  by  a  friendly  rivaJry  the  better  tend  to 
elucidate  the  truth.  These  are  Dr.  WaUich  and  Mr.  H.  J.  Carter. 
Dr.  WaUich  insists  upon  the  absolute  necessity  of  long-continued 
and  daily  observation  whenever  it  is  desired  to  elucidate  the  characters 
and  vital  phenomena  which  appertain  to  the  lowest  forms  of  organic 
existence ;  and  entertains  the  view  that  probably  many,  if  not  all,  the 
previously  described  species  of  Amcaba  are  referable  to,  and  constitute 
mere  phases  of  Amo^  viUosaj  the  most  highly  developed  type.  Mr. 
Carter,  however,  regards  certain  characters  of  primaiy  importance^ 
and  typical  of  A.  prince^  (Ehr)  as  reconstituted  by  him,  while  Dr. 
WaUich  urges  these  characters  as  distinctive  of  ATnoeiba  viUosa  as 
already  described  by  him.  The  characters  which  Mr.  Carter  claims 
for  his  A,  princeps  are  its  large  size  and  the  number  of  granules  it  con* 
tains ;  its  limacious  though  protean  form,  its  lobed  and  obtuse 
pseudo-podia  proceeding  from  a  posterior  end,  normaUy  capped  with 
a  tuft  of  viUous  prolongations;  whUe  the  nucleolus  is  so  much 
extended  over  the  ixmer  surface  of  the  nuclear  cell,  that  it  passes 
beyond  the  equatorial  line  of  the  latter,  preventing  any  halo  round  the 
nucleus,  as  in  other  AmoebaB ;  but  the  border  of  this  nucleus  is  wavy 
when  it  has  attained  the  450tii  of  an  inch  in  length.  The  anomaly  in 
the  configuration  of  the  nucleus,  however,  Mr.  Carter  afterwurds 
resigns  as  a  distinctive  character.  With  regard  to  the  apparent 
circulation  in  these  low  organisms.  Dr.  WaUich  believes  that  it  is  not 
a  vital  act,  but  a  secondary  and  mere  mechanical  efiEect  consequent  on 
the  inherent  vital  contractility  of  the  sarcode.  The  particles  simply 
flow  along  with  the  advancing  rush  of  protoplasm,  and  there  is  no 
return  stream.  The  numerous  and  lengthy  papers  of  Dr.  WaUich  and 
Mr.  Carter,  in  the  '  Annals  of  Natural  History/  on  the  subject  of  these 
organisms  tend  to  the  combination  not  only  of  species,  but  of  genera 
which  have  always  hitherto  been  regarded  as  perfectly  distinct. 

The  difficulty  of  distinguishing  the  lowest  anunal  forms  from 
vegetable  bodies  has  received  a  good  iUustration  from  some  observa- 
tions of  Mr.  H.  J.  Carter,  weU  &own  for  his  papers  upon  Bhizopods, 
on  Difflugia,  He  has  shown  in  this  species  (D.  pynformis)  that 
chlorophyU  cells  exist  as  part  of  its  organization,  and  that  starch  cells, 
imtil  recently  beUeved  to  be  a  peculiarly  vegetable  product,  form 
part  of  its  products.  Moreover,  he  has  observed  coigugation  similar  to 
that  of  the  contents  of  the  cells  of  Sjnrogyra^  and  that  apparentiy 
after  this  conjugation,  when  the  body  of  the  Difflugia  is  densely 
charged  with  chlorophyU  ceUs  and  starch  granules,  the  nucleus 
becomes  charged  with  spherular,  refractive,  homogeneous  bodies, 
which  appear  to  be  developed  in  the  protoplasm  that  lines  (?)  the 
nucleus.  These  spherules  pass  from  the  nucleus  into  the  body  of  the 
animal,  and  there,  becoming  granuliferous,  so  increase  by  dupUcative 
division,  as  to  form  the  chief  bulk  of  the  whole  mass,  whUe  the  chloro- 
phyU cells  have  entirely  disappeared,  and  the  starch  granules  have  become 
more  or  less  diminished  in  number.  Colourless  specimens  of  Difflugia 
having  been  placed  in  water,  after  four  days  the  bottom  of  the  vessel 
became  covered  with  granuliferous  cells  of  tiie  same  size  and  appearance 
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as  those  peculiar  to  the  colourless  specimens,  but  with  the  difference 
that  they  were  all  proyided  with  a  cilium  (perhaps  two) ;  most  were 
fixed  and  retained  their  globnhir  form ;  others  swam  about  by  means 
of  their  cilium ;  many  of  the  fixed  globular  forms  altered  their  shape 
by  becoming  polymorphic;  and  some  lost  their  cilium  and  became 
altogether  reptant  and  anuBbous.  There  can  be  little  doubt  that  these 
AmoebflB  are  the  young  brood  of  Difflugia  pyriformis.  Thus  the  cycle 
of  generatiye  development  in  this  Bhizopod  by  "  granulation  of  the 
nucleus  "  is  so  fiff  completed.  It  is  probably  tiie  same  as  in  Amoeba 
princeps.  The  deyelopment  of  the  young  jlmosba  into  adult  testaceous 
DiffluguB  has  not  yet,  however,  been  observed. 

We  should  hardly  be  prepared  for  psychical  development  in  these 
minute  masses  of  sarcode,  nevertheless  Mr.  Carter's  observations  of 
^Aftlinm  and .  Actinophrys  render  it  probable  that  certain  manifesta- 
tions of  instinct  are  occasionally  evinced  by  them,  of  the  same  kind  as 
those  in  the  higher  animals.  On  one  occasion,  for  example,  Mr.  Garter 
observed  an  Actinophrys  station  itself  dose  to  a  ripe  spore-cell  of 
Pythiumj  which  was  situated  upon  a  filament  of  Spirogyra,  and  as  the 
young  ciliated  germs  issued  forth,  one  after  another,  from  the  dehiscent 
spore-cell,  the  Actinophrys  remained  by  it,  and  caught  every  one  of 
them  even  to  the  last,  when  it  retired  to  another  part  of  the  field,  as  if 
instinctively  conscious  that  there  was  nothing  more  to  be  got  at  the 
old  place.  As,  however,  these  lowest  forms  of  life  appear  to  have  but 
one  object,  and  that  the  attainment  of  food,  we  cannot  be  so  much 
surprised  if  they  are  provided  with  sufficient  discrimination  to  be  aware 
when  they  are  receiving  it,  and  when  the  supply  has  ceased.  Indeed 
their  whole  instinctive  development  is  concentrated  upon  that  important 
end. 
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REVIEWS.* 


THE  BIEDS  OF  INDIA.* 

Thb  want  of  text-books  on  the  Natnral  History  of  our  colonial  and 
foreign  possessions,  has  been  long  and  severelj  felt  by  the  many 
residents  in  them  who  are  desirous  of  employing  their  hours  of 
leisure  or  recreation,  in  the  pursuit  of  this  most  attractive  study.  As 
regards  Botany,  the  energy  of  the  Director  of  the  Boyal  Botanic 
Gardens  at  Eew  has  already  accomplished  much  towards  the  attain- 
ment of  this  desirable  object.  Some  yeai'S  since,  Sir  William  Hooker's 
urgent  representations  to  the  Colonial  Office  succeeded  in  inducing 
that  department  to  take  into  consideration  a  scheme  which  he  pro- 
pounded, for  issuing  a  complete  series  of  Manuals  of  the  Botany  of  the 
di£ferent  Colonies,  and  although  the  small  sums  necessary  to  effect  this 
object  were,  with  one  exception,  grudged  to  him  by  the  Imperial  Ex- 
chequer, the  Colonies  themselves  have  in  many  instances  taken  up  the 
matter,  and  there  is  little  doubt  that  Sir  William  Hooker's  scheme 
will  eventually  be  carried  out  in  its  integrity. 

Our  zoologists  have  not  as  yet  followed  the  good  example  thus  set 
before  them.  Their  field  of  operations  is  much  more  extensive,  they  are 
less  united  as  a  body,  and  they  have  certainly  no  single  leader  amongst 
them,  who  occupies  a  corresponding  situation  to  that  filled  by  Sir 
William  Hooker  with  regard  to  the  sister  science.  So  fSeir  as  concerns 
the  zoology  of  our  foreign  and  colonial  possessions,  therefore,  we 
must  for  the  present  look  to  what  the  unassisted  energies  of  private 
individuals  can  accomplish.  And  we  must  be  thankful  when  even 
such  indirect  sanction  and  assistance  as  the  Government  of  India  has 
bestowed  on  Dr.  Jerdon!s  present  undertaking  can  be  obtained. 

Dr.  T.  C.  Jerdon's  name  is  well  known  in  connection  with  many 
contributions  to  the  Natural  History  of  India,  which  he  has  made 
during  a  long  service,  in  different  parts  of  that  country,  as  a  medical 
officer  of  the  Indian  army.  In  1839,  Dr.  Jerdon  commenced  the 
publication  in  the  '  Madras  Journal  of  Literature  and  Science '  of  a 
catalogue  of  the  birds  of  Southern  India.  This  with  its  supplements 
was  completed  in  1844,  and  still  remains  our  best  authority  on  the 
ornithology  of  the  districts  of  which  it  treats.     In  1844,  Dr.  Jerdon 

♦  *  The  Birds  of  India :  beinp  a  Natnral  History  of  all  the  Birds  known  to 
inhabit  Continental  India ;  with  D(^scription8  of  the  Species,  Genera.  Families, 
Tribes  and  Orders,  and  a  Brief  Notice  of  such  Families  as  are  not  found  in  India : 
making  it  a  Manual  of  Ornithology  ttpecially  adapted  fur  India.*  By  T.  C.  Jerdon, 
Surgeon-Major,  &c.    Calcutta,  1862.    Vols.  I.  and  II.  pt.  1. 
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also  published  a  series  of  illustrations  of  Indian  birds,*  in  a  quarto 
volume  of  fifty  plates,  in  which  many  rare  species  were  figured  for  tlie 
first  time.  Besides  this,  he  has  contributed  many  papers  relating  to 
Indian  zoology  to  different  scientific  journals,  and  has  been  a  most 
indefSEitigable  explorer  and  collector  in  nearly  every  province  of  India. 
It  cannot  be  doubted,  therefore,  that  Dr.  Jerdon's  qualifications  to 
carry  out  the  plan  he  now  proposes, — that  is,  to  issue  a  series  of  Manuals 
of  the  Natural  History  of  the  Vertebratod  Animals  of  India, — are  very 
considerable.  And  looking  to  the  way  in  which  he  has  commenced  to 
execute  his  plan,  in  the  case  of  the  two  volumes  now  before  us,  which 
form  the  first  part  of  his  '  Manual  of  Indian  Ornithology,'  we  have 
every  reason  to  be  satisfied  that  it  has  fallen  to  his  lot  to  undertake 
it.  Nor  can  it  be  doubted  that  such  a  series  of  mcinuals  is  a  great  de- 
sideratum. At  present,  as  Dr.  Jerdon  observes,  to  "  obtain  acquaint- 
ance with  what  is  already  known  respecting  the  Fauna  of  India,"  it  is 
necessary  to  "  search  through  the  voluminous  transactions  of  learned 
societies  and  scientific  journals,"  which  are  of  course  quite  inacces- 
sible to  residents  in  an  Indian  up-country  station,  and  hardly  to  be 
referred  to  even  in  Madras  or  Calcutta.  Dr.  Jerdon's  aim,  therefore, 
is  to  supply  in  a  few  portable  volumes  the  information  requisite  for  a 
student  of  any  branch  of  the  natural  history  of  the  vertebrata  of 
India  to  ascertain  what  is  already  known  of  his  favourite  science 
and  to  what  points  especially  he  should  direct  his  inquiries.  The 
two  volumes  already  published  by  Dr.  Jerdon  take  us  through  the 
greater  part  of  the  class  of  birds ;  a  third  volume,  shortly  to  be  issuci), 
will  complete  this  part  of  the  subject.  The  author  will  then  turn  his 
attention  to  the  Mammals,  Beptiles,  and  Fishes,  and  treat  of  each  of 
these  classes  of  animals  in  a  similar  manner. 

Dr.  Jerdon  introduces  himself  to  his  readers  in  the  first  volimie  of 
his  present  work  with  a  well-written  chapter  of  general  remarks,  which 
will  repay  perusal.  After  giving  an  outline  of  the  structure  of  birds, 
extemsd  and  internal,  and  some  remarks  on  their  migration,  he  pro- 
ceeds, before  entering  upon  the  subject  of  classification,  to  devote  a 
few  words  to  the  much-vexed  question  of  the  differences  between 
species  and  variety.  A  species.  Dr.  Jerdon  defines  as  consisting  of  a 
"  number  of  individuals  closely  resembling  one  another  in  size,  struc- 
ture, and  colour,  and  propagating  a  like  race  ;  *'  a  variety,  as  *^  consist- 
ing of  one  or  more  individuals  resembling  certain  other  individuals 
sufficiently  to  be  considered  identical  in  species,  and  yet  differing  in 
certain  external  points  of  colour,  size,  or  form."  As  regards  the  mode 
in  which  this  difficult  subject,  as  encountered  in  the  case  of  the  birds 
of  India,  has  been  dealt  with,  the  following  remarks  of  our  author  may 
prove  of  interest : — 

"  Sorae  naturalists  believe  that  permanent  varieties  are  common  in  tbe 
animal  kingdom,  and  Kaup  crUh  them  sub-sptcies.  Such  pei-sons  consider 
that  their  differences  from  other  individuals,  of  what  they  would  term  tlse 
typical  form,  do  not  entitle  them  to  the  full  rank  of  a  species.  Others, 
again,  deny  that  permanent  varieties  exist,  and  state  their  conviction  that 

♦  •  Illustrations  of  Indian  Ornithology.'      By  T.  C.  Jerdon.      Madras.  184*. 
1  vol.  4to. 
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eiren  slight  difTerenoes  of  colour  and  size,  if  found  to  be  conntant,  are  suf- 
ficient to  constitute  such  individuals  a  distinct  race  or  species.  When  such 
differences  are  found  to  co-exist  with  a  different  geographical  distribution, 
I  certainly  prefer  the  views  of  those  who  look  on  all  permanent  distinctions 
of  colour,  size,  structure,  &c.,  as  distinct  species;  and  I  believe  that  no  change 
of  climate,  or  food,  or  other  external  circumstances,  will  produce  any  altera- 
tion in  them  or  in  their  descendants,  if  they  remain  true  to  each  other ; 
and  as  yet  I  know  of  no  recorded  instiance  where  any  well-marked  race  has 
produced  offspring  differing  from  their  own,  or  tending  to  revert  to  a 
supposed  origmal  type.  That  various  nearly-affined  species  will  propagate 
inter  se,  and  produce  fertile  offspring,  I  fully  believe ;  as  in  the  cases  of 
the  green  Pigeons  of  Bengal  and  of  Southern  India,  in  the  Indian  and  the 
Burmese  Rollers,  the  small  Cuckoos  of  South  India  and  those  of  Bengal, 
and  in  several  other  instances :  but  that  this  fact  militates  against  their 
being  species  and  in  favour  of  their  being  varieties,  I  think  is  not  sup- 
ported by  many  recent  experiments  in  crossing.  Of  late  years  many 
species  have  been  universally  admitted  as  such,  which  were  formerly  con- 
sidered simple  varieties,  and  although,  perhaps,  the  tendency  of  late 
writers  has  t>een  to  multiply  species,  in  some  cases  most  unnecessarily, 
yet  in  previous  years  the  other  extreme  was  taken,  more  especially  by 
8chlegel  and  his  followers.  Our  best  natursdists  and  ornithologists  now 
fully  recognize  the  distinctness  of  permanent  races.  If  varieties  are  once 
allowed,  it  depends  on  individual  judgment  or  caprice  to  what  extent  they 
may  be  carried.  In  this  country,  where  there  are  many  very  closely  allied 
species,  among  genera  characteristic  of  the  country,  many  of  the  species 
of  Malacocercus  and  Hasmaiomis  would  be  classed  as  simple  varieties  by 
some,  whilst  others  would  perhaps  allow  some  of  them,  whose  different 
notes  they  might  have  observed,  to  be  distinct  species,  and  the  rest 
varieties.  Lastly :  it  is,  I  think,  more  convenient  in  practice  to  give  each 
race  a  distinct  specific  name,  than  to  speak  of  them  as  *  Var,  A*  or 
*  Var.  B.*  of  such  a  species." 

With  regard  to  the  origin  of  these  allied  or  **  representative " 
Bpecies,  as  they  are  usually  termed,  Dr.  Jerdon  states  that,  as  far  as 
his  '^  brief  experience  goes,  geographic  distribution  is  against  Mr. 
Darwin's  theory.  "  To  give  one  instance,"  he  continues,  **  Malcieo^ 
fiercus  8triatu8  of  Ceylon  is  more  allied  to  M.  BengdUnsis  of  Bengal, 
than  to  Jftf.  Mdlabaricus,  which  is  spread  throughout  a  vast  region 
between  those  provinces."  On  this  point  we  may  remark  that  the 
great  mass  of  evidence  in  such  cases  is,  as  is  now  generally  allowed, 
decidedly  on  the  other  side  of  the  question.  It  is  beyond  a  doubt, 
that  allied  species,  are  as  a  rule,  distributed  geographically  in  the 
order  of  their  affinities,  that  is,  that  the  most  nearly  allied  occupy  con- 
terminous areas.  Moreover,  Dr.  Jerdon  ought  to  be  aware  that 
Ceylon,  though  now-a-days  much  more  nearly  connected  with  the 
peninsula  of  India,  than  with  the  upper  provinces,  furnishes  many 
remarkable  forms  which  tend  to  show  that  this  island  has  been  peopl^ 
with  life  from  the  other  side  of  the  Bay  of  Bengal,  along  which  the 
Bengalese  species  descend,  often  far  to  the  south.  Dr.  Jerdon,  how- 
ever, seems  to  take  a  very  candid  view  of  Mr.  Darwin's  theory  on 
other  points,  though  he  is  of  opinion  that  that  distinguished  naturalist, 
*' perhaps,  lays  too  much  stress  on  external  and  fortuitous  circum- 
Btances  as  producing  varieties,  and  not  enough  on  the  inherent  power 
of  change. 
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Dr.  Jerdon  next  proceeds  to  the  difficult  Bnbject  of  tlie  classifica- 
tion of  birds,  and  adopts  as  his  system,  nearly  that  of  Mr.  George 
Gray,  as  given  in  his  *  List  of  Grenera.'  Finally,  he  concludes  his  in- 
troduction with  a  sketch  of  the  physical  features  of  Northern,  Central, 
and  Southern  India,  in  relation  to  their  respective  Faunas,  and  gives 
some  account  of  what  has  already  been  effected  by  dijQferent  natu- 
ralists who  have  devoted  their  attention  to  various  points  of  the  area 
embraced  in  these  three  divisions.  The  names  of  Franklin,  Tickell, 
Sykes,  and  Hodgson  are  all  well  known  in  connection  with  the  earliest 
researches  made  in  Indian  Ornithology.  The  latter  gentleman  espe- 
cially, who  was  for  many  years  resident  at  the  Court  of  Ncpaul, 
laboured  long  and  zealously  in  this,  as  in  other  branches  of  Natural 
History,  and  has  effected  far  more  than  any  other  naturalist  towards 
making  known  to  us  the  many  singular  forms  of  life  that  people  the 
slopes  of  the  Himalayas.  Other  more  recent  workers  in  the  same 
field  have  been  Burgess,  Adams,  Tytler,  and  McClelland,  and  last,  but 
not  least,  Mr.  Edward  Blyth — for  many  years  the  energetic  and 
devoted  curator  of  the  Asiatic  Society's  Museum  at  Calcutta,  whose 
numerous  publications  and  extensive  researches'  have,  as  rightly 
observed  by  Dr.  Jerdon,  done  more  to  extend  the  study  of  Natural 
History  in  India  than  those  of  all  the  previously  mentioned  observers 
put  together. 

We  now  come  to  the  main  portion  of  Dr.  Jerdon*s  work,  which 
consists  of  short  treatises  on  each  of  the  species  of  birds  belonging 
to  the  Indian  Avi-fauna,  interspersed  with  current  allusions  to  the 
various  groups  found  in  other  countries,  but  not  represented  in  the 
Indian  series.  Dr.  Jerdon's  two  published  volumes  treat  of  the 
Birds  of  Prey  and  the  numerous  divisions  of  Insessores  or  Perchers. 
Of  the  first,  he  gives  81  species  as  belonging  to  the  Fauna  of  India, 
of  the  Insessores,  no  less  than  689  species  are  enumerated.  Such 
being  the  case,  it  could  not  be  expected  that  any  very  detailed  account 
could  be  given  of  each  bird,  especially  as  what  is  contemplated  is  a 
"  brief,  but  comprehensive  Manual.''  And  on  the  whole,  as  regards 
the  first  volume  especially,  we  cannot  but  think  that  we  have  every 
reason  to  be  satisfied  with  the  way  in  which  our  author  has  performed 
his  work.  The  descriptions  given  are  sufficient  for  the  determination 
of  the  species  in  ordinary  cases.  In  many  allied  forms,  it  will,  of 
course,  be  necessary  for  the  student  to  refer  back  to  the  previously 
published  accounts  indicated  among  the  synonyms  of  each  species, 
and  in  the  more  difficult  cases,  to  go  to  the  typical  specimens  in  the 
Museum  of  Calcutta,  or  of  the  British  metropolis.  The  details  as 
regards  the  geographical  distribution,  habits,  and  general  alliances  of 
each  species  are  likewise  carefully  worked  out,  and  the  whole  account 
is  written  in  plain  and  comprehensible  terms,  well  suited  for  the  pur- 
pose intended.  As  an  illustration  of  Dr.  Jerdon's  style,  we  extract 
his  remarks  on  the  TurumH  Falcon  (Hypotnorchis  chicquerd) — one  of 
the  best  known,  and  commonest  small  Falcons  of  India,  allied  to 
our  Hobby. 

**  The  Ihirumii  is  universally  spread  throughout  India  from  north  to 
south,  but  is  rare  in  the  forest  districts,  as  it  affects  chiefly  open  country 
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in  the  vicinity  of  cultivation.  It  frequents  gardens,  groves  of  trees,  and 
even  large  single  trees  in  the  open  country,  whence  it  saUies  forth,  some- 
times circling  aloft,  but  more  generally,  especially  in  the  heat  of  the  dav, 
gliding  with  inconceivable  rapidity  along  some  hedgerow,  brink  of  a  tank, 
or  across  some  fields,  and  pouncing  suddenly  on  some  lark,  sparrow,  or 
wagtail.  It  very  often  hunts  in  pairs,  and  I  have  now  and  then  seen  it 
hover  like  a  kestrel  for  a  few  seconds.  It  prays  chiefly  on  small  birds, 
especiallv  the  social  larks  {Coryphidea  cdlandrella),  sparrows,  and  the  small 
ringed-plovers  (^Charadritis) ;  aJso  not  unfrequently  on  bats,  which  1  have 
seen  it  seize  on  the  wing  just  at  dusk.  It  breeds  on  high  trees,  and  has 
usually  four  eggs  of  a  yellowish-brown  colour,  mottled  with  brown  spots. 
The  young  fly  early,  by  the  end  of  March  or  beginning  of  April.  It  has  a 
shrill  angry  scream,  and  is  very  courageous,  driving  away  crows,  kites,  and 
even  the  wokhab  (^Aquila  fu8ca\  from  the  vicinity  of  its  nest  or  perch. 
It  is  occasionally  reclaimed,  ana  flown  at  quail,  partridges,  mynas,  but 
especially  at  the  Indian  Jay  or  Roller  {Coracias  indica).  In  pursuit  of  this 
quarry  uie  Falcon  follows  most  closely  and  perseveringly,  but  is  often 
balked  by  the  extraordinary  evolutions  of  the  Roller,  who  now  darts  €)S 
obliquely,  then  tumbles  down  perpendicularly,  screaming  all  the  time,  and 
endeavouring  to  gain  the  shelter  of  the  nearest  tree  or  grove.  But  even 
here  he  is  not  safe; Jthe Falcon  follows  him  from  branch  to  branch,  drives 
him  out  again,  and  sooner  or  later  the  exhausted  quarry  falls  a  victim  to 
the  ruthless  bird  of  prey.  I  have  known  falconers  train  the  Turumti 
to  hunt  in  couples. 

'*  The  Indian  name,  Turumti,  appears  to  owe  its  origin  to  Turumtaif 
given  by  Pallas  as  the  Calmuc  name  of  the  Hobby. 

**  A  very  nearly-allied  species  of  Martin  exists  in  Africa^  F.  ruficcUiSf 
Sw.  (chicquerotdeSf  A.  Smith),  long  considered  as  the  same,  but  now 
recognized  as  distinct  by  Hartlaub  and  others.  ELaup,  P.Z.S.  I85I,  calls 
it  a  sub-species  of  the  other,  differing  in  its  darker  colours,  more  striped 
head,  and  with  the  cheek-stripe  darker  and  more  distinct." 

The  second  yolmne  of  Dr.  Jerdon's  work  is,  perhaps,  not  qnite  so 
satisfiEMstoiy  as  the  first.  The  descriptions  given  are  mostly  shorter 
and  more  concise,  and  we  do  not  find  so  many  of  those  agreeable  episodes 
upon  the  habits  of  the  species  which  tend  to  render  a  book  of  this 
sort  acceptable  to  the  ordinary  reader.  Tet  we  mnst  recollect  the  ex- 
tent of  the  subject, — the  immense  nmnber  and  variety  of  the  little 
Passerine  birds,  of  which  this  part  of  Dr.  Jerdon's  book  treats, — and 
how  difficult  it  is  to  say  much  when  the  subject  is  so  new,  and  when 
BO  little,  considering  the  wide  field  of  observation,  has  been  done  by 
former  workers.  As  it  is,  Dr.  Jerdon  has  already  transgressed  the 
bounds  originally  marked  out  for  himself, — his  prospectus  having  an- 
nounced the  completion  of  the  birds  in  two  Tolumes.  It  is  perhaps, 
therefore,  hardly  fiftir  to  find  fault  with  our  author  on  these  grounds, 
though,  we  think,  the  Indian  field-naturalists,  for  whose  benefit  mainly 
the  work  was  undertaken,  will  agree  with  our  remarks  upon  these 
points. 

We  have  now,  in  conclusion,  one  or  two  criticisms  to  make  upon 
points  which  will  interest  our  scientific  readers.  Dr.  Jerdon  adopts, 
as  we  have  already  stated,  Mr.  George  Gray's  arrangement  of  the  class 
of  birds,  and,  so  far  as  the  six  great  ordinal  divisions  (given  p.  xxxix.) 
go,  we  are  not  aware  that  he  could  have  much  improved  upon  them. 
But  when  he  proceeds  (p.  151)  to  employ  Mr.  Gray's  subdivisions  of 
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the  great  group  of  Imesiores^  Dr.  Jerdon  is  certainly  beliind  the  age. 
It  has  long  since  been  most  satisfactorily  demonstrated  that  the  Td- 
nuirostres  of  Ouyier  form  a  most  ill-assorted  gtonp,  which  ought  to  be 
divided  amongst  the  others  in  any  natural  arrangement,  and  that,  ex* 
clnsiye  of  the  Parrots,  there  are  but  three  natural  sub-groups  of  In- 
sessorial  birds, — namely,  the  FissirostreSy  Scansores,  and  typical  Paa- 
geres.  We  might  also  object  to  Dr.  Jerdon's  collocation  of  the  Swifts 
and  Swallows,  to  the  situation  he  has  assigned  to  Upupa,  and  to  maxLj 
other  minor  points.  But  on  the  other  hand  we  must  congratulate  him 
on  his  giving  the  MegnlcBmidcB  their  true  rank  as  a  distinct  family,  on 
his  correct  appreciation  of  the  relation  of  the  Hombills,  and  on 
much  that  relates  to  his  general  arrangement  of  the  smaller  groups. 
On  the  other  hand.  Dr.  Jerdon  goes  too  fiast  in  another  direction, 
especially  when  it  is  recollected  that  his  book  is  intended  for  learners 
and  unscientific  persons  as  well  as  for  the  initiated.  ^The  subdivision 
of  the  Genera  is  carried  to  by  far  too  great  an  extent,  and  this,  in  our 
estimation,  forms  one  of  the  principal  defecto  of  the  book  as  a  scien- 
tific work.  The  best  authorities  of  the  day,  in  all  departments  of 
natural  history,  set  their  face  against  this  indiscriminate  multiplication 
of  generic  terms,  which,  as  carried  out  by  certain  writers,  bids  fair  to 
convert  every  species  into  a  genus,  and  renders  the  burden  of  recol- 
lecting technical  names  almost  insupportable.  Generic  differences 
ought  to  be  founded  on  essential  and  easily  recognizable  pointo  of 
structure.  That  this  is  not  the  plan  followed  in  Dr.  Jerdon's  book, 
every  naturalist  will  very  soon  discover,  and  we  fear  the  non-naturalists 
(if  we  may  so  express  ourselves)  will  be  sorely  puzzled  in  their  at- 
tempto  to  &thom  many  of  Dr.  Jerdon's  minute  subdivisions  of  well- 
known  groups.  Who  will  recognize  the  Linnean  Turdi  imder  the 
names  TurdtUus,  Planesticus,  and  GeocicJda  f  Who  will  appreciate  the 
separation  of  the  well-defined  genus  of  Pipits  (Antktui)  into  Pipastea 
CorydaUa  and  Affrodromaf  In  thus  following  the  phantasies  of  Eaup, 
and  the  mad  vagaries  of  Bonaparte  (in  his  latest  writings),  we  can- 
not believe  that  Dr.  Jerdon  has  acted  well  for  his  own  reputation, 
nor  wisely  as  regards  the  class  of  readers  for  whom  his  volumes  are 
specially  intended. 


NATUBAL  mSTOBT  ON  THE  AMAZONS.* 

To  no  class  of  men  are  the  thoughtfdl  students  of  Natural  History 
more  deeply  indebted  than  to  those  who,  casting  behind  them  all  the 
luxuries  and  pleasures  of  civilized  life,  plunge  into  the  forests  and 
solitudes  of  far  distant  regions,  there  to  hold  communion  with  Nature 
&ce  to  face,  and  to  obtain  an  insight  into  her  workings  and  modes  of 
action  in  situations  which,  under  ordinary  circumstances,  would  for 

*  '  The  Natnialiflt  on  the  River  Amazons.'   By  Henry  Walter  Bates.    2  vols., 
8vo.    London :  Jo)m  Mnrray,  1863. 

*  Contributions  to  an  Insect  Fauna  of  the  Amazon  Valley ;  Lxpidoftera,  HeU' 
ecnidm,*    By  Henry  Walter  Bates.    ('Linnsan  Transactions,'  vol.  zziii.  part 
page  495.) 
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ever  be  concealed  from  intelligent  cnriositj.  Tbe  framersof  theories, 
and  the  elaborators  of  grand  generalizations,  must  necessarily  own 
their  dependence  upon  such  self-sacrificing  investigators,  and  the  value 
of  the  facts  accumulated  by  such  men  depends  upon  their  own  inhe- 
rent powers  of  observation,  and  the  degree  of  intelligence  and  industry 
they  bring  to  bear  upon  their  self-imposed  labours.  And  seldom 
indeed  does  it  happen  that  these  qualities  are  so  admirably  combined 
as  they  appear  to  be  in  one  whose  ardent  thirst  for  natural  knowledge 
impelled  him  to  exile  himself  for  eleven  years  in  a  tropical  and 
unhealthy  coimtry,  in  order  that  he  might  revel  in  the  rich  prodigality 
of  animal  and  vegetable  life  which  characterizes  the  great  vaUey  of 
the  Amazons— a  region  which,  though  far  indeed  from  the  comforts 
and  necessities  of  civilization,  may  fitly  be  designated  ^*  the  Metropolis 
of  Nature." 

Mr.  Bates  embarked  at  Liverpool  in  the  spring  of  1848,  in  comjMmy 
with  Mr.  A.  E.  Wallace,  for  Par4,  the  only  port  of  entry  to  the  vast 
region  watered  by  the  Amazons.  The  object  which  the  travellers  pro- 
posed to  themselves  was  twofold — to  make  for  themselves  collections 
of  specimens,  consigning  the  duplicates  to  London,  to  be  there  dis- 
posed of  in  payment  of  expenses,  and,  to  gather  facts  towards  solving 
the  problem  of  the  "  origin  of  species."  The  first  of  these  objects 
was  attained  in  an  eminent  degree ;  for  not  only  have  Mr.  Bates's 
collections  many  a  time  and  oft  caused  congregations  of  naturalists 
under  the  hammer  of  Mr.  Stevens,  but  he  astounds  us  with  the  state- 
ment of  his  aggregate  results  when  he  informs  us,  with  truthful  sim- 
plicity, that  he  obtained,  during  his  eleven  years*  sojourn,  14,000 
insects,  and  712  other  animals,  of  which  startling  total  no  less  than 
8,000  were  new  to  science.  Never  has  it  fallen  to  the  lot  of  a  single 
individual  to  bring  so  vast  a  contribution  to  systematic  zoology,  and 
it  is  a  grand  proof  of  the  rare  riches  of  the  teeming  district  he  so 
wisely  selected  for  his  exploration. 

With  regard  to  the  second  object  of  the  journey,  while  the  results 
have  not  been  so  definite  as  those  just  glanced  at,  the  two  explorers 
arrived  at  some  conclusions  to  which  we  shall  refer  in  the  course  of 
the  present  article,  and  which,  however  widely  they  may  differ  from 
the  views  of  another  school,  will,  we  venture  to  predict,  be  of  consi- 
derable service  in  the  ultimate  advance  of  science.  It  is  now  a 
matter  known  to  every  one,  that  Mr.  Wallace,  after  spending  four  years 
in  South  America  witib  Mr.  Bates,  travelled  to  the  East  in  search  of 
new  fields  of  exploration,  and  there,  while  lying  stricken  down  by 
fever,  he  elaborated  in  his  busy  brain  the  theory  afterwards  pro- 
mulgated by  Mr.  Darwin  in  his  work  on  *  The  Origin  of  Species.'  It 
was  this  fact,  and  the  communication  of  this  hypothesis  to  Sir  C. 
Lyell,  which  determined  Mr.  Darwin  to  bring  his  long-cherished  views 
before  the  Linncean  Society,  and  thereafter  to  publish  the  book  which 
has  been  so  fertile  a  source  of  scientific  controverefy.  We  may  judge^ 
therefore,  that  as  &r  as  Mr.  Wallace  is  concerned,  he  considered  that 
the  f&ctB  he  had  collected  threw  some  light  upon  the  problem  which 
they  had  charged  themselves  to  illuminate.  And  in  the  work  before 
us  Mr.  Bates  proves  himself  an  apt  scholar  and  valuable  ally  of  Mr. 
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Darwin;  and  in  his  pre&ce  he  tells  ns  that  it  wais  Mr.  Darwin's 
opinions  and  wishes  which  were  mainly  instrumental  in  inducing  him 
to  commence  the  inditing  of  his  book,  and  the  same  steady  encourage- 
ment which  strengthened  his  wayering  resolution,  and  helped  him  to 
accomplish  the  task.  We  shall  not  be  surprised,  then,  to  find  the 
tendency  of  the  book  to  be  Darwinian. 

Mr.  Bates  made  Par4  his  head-quarters,  and  his  first  yolume  is 
devoted  to  that  neighbourhood,  and  his  excursions  up  the  Lower  Amazons. 
The  zoological  richness  of  the  immediate  vicinity  of  Par&  itself  is 
something  almost  beyond  belief;  and  our  traveller's  account  of  his  first 
walk  on  the  afternoon  of  his  arrival  is  most  graphic  and  stirring. 
Nevertheless  he  appears  to  have  been  at  first  struck  with  the  generally 
small  size  and  obscure  colouring  of  the  birds,  and  the  similarity  of 
appearance  which  the  insects  and  birds  of  the  open,  sunny  places  bore 
to  those  inhabiting  similar  spots  in  Europe.  The  roadside  vegetation 
consisted  of  tangled  masses  of  bushes  and  shrubs,  intermingled  with 
prickly  mimosas ;  but,  notwithstanding  this  resemblance  to  European 
roadside  features,  there  were,  as  may  be  supposed,  many  others  which, 
at  every  step,  reminded  the  travellers  that  they  were  in  another  world. 
The  abundance  of  climbing  trees  attracted  the  attention  in  their  first 
forest  walk,  and  elicited  a  remark  which  is  extremely  interesting,  viz, 
that  these  climbing  trees  do  not  form  any  particular  family  or  genus ; 
there  is  no  order  of  plants  whose  especial  habit  it  is  to  climb ;  but  species 
of  many,  and  the  most  diverse  families,  the  bulk  of  whose  members  are 
not  climbers,  seem  to  have  been  driven  by  circumstances  to  adopt  this 
habit.  The  orders  Leguminosed,  GuttiferaB,  BignoniaceaB,  Moracese, 
and  others,  furnish  the  greater  number.  There  is  even  a  climbing 
species  of  palm  (Desmoncus).  This  remark  is  very  characteristic  of 
the  tendency  of  Mr.  Bates's  mind,  which,  though  not  to  an  undue 
degree  speculative,  yet  sees,  in  observations  like  these,  something  more 
than  the  meagre  fact  which  would  be  patent  to  all.  He  concludes  the 
subject  with  the  remark :  <*  The  number  and  variety  of  climbing  trees 
in  the  Amazons  forests  are  interesting,  taken  in  connexion  with  the 
fact  of  the  very  general  tendency  of  the  animals  also  to  become 
climbers."  (p.  49.) 

The  quadrupeds  and  birds  of  the  forest  do  not  appear  to  the 
passing  traveller,  for,  being  excessively  shy  and  widely  scattered,  the 
first  impression  which  Mr.  Bates  received  was  that  they  were  very 
few;  he  met  with  no  tumultuous  movement  or  sound  of  life,  but 
describes  it  as  a  solitude,  in  which  only  at  long  intervals  animals  are 
seen  in  abundance,  when  some  particular  spot  is  found  which  is  more 
attractive  than  others  ;  and  this  fact  of  distribution  is  one  which  we 
have  ourselves  observed,  when,  for  example,  scanning  an  expanse  of 
sea-shore  in  search  of  the  smaller  marine  animals,  in  situations  where 
certain  species  are  known  to  abound.  The  feeling  inspired  in  the 
Brazilian  forests  was  one  of  inhospitable  wildness,  only  increased 
tenfold  by  the  fearful  and  harrowing  uproar  made  by  lie  howling 
monkeys  morning  and  evening.  Other  sounds  are  not  so  easily 
accounted  for,  even  by  the  natives  themselves,  such  as  a  sudden^  noise 
like  the  clang  of  an  iron  bar  against  a  hard,  hollow  tree,  or  a  piercing 
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cry  which  rends  the  air — sounclB  not  repeated,  while  the  succeeding 
silence  tends  to  heighten  the  impression  which  they  make  on  the  mind. 
"  With  the  natives  it  is  always  the  Curipira — the  wild  man  or 
spirit  of  the  forest — which  produces  all  noises  they  are  unahle  to 
explain."  (p.  73.) 

Near  Cameta,  on  the  river  Tocantins,  Mr.  Bates  had  an  oppor- 
tunity of  verifying  a  fact  which  had  almost  fallen  into  discredit,  viz. 
the  bird-catching  propensities  of  the  great  Mygale  spider  (M.  avicn- 
laria).  Its  web  was  stretched  across  a  crevice  in  the '  tree-trunk,  and 
in  it  were  entangled  two  birds  about  the  size  of  our  English  siskins ; 
one  of  them  was  dead,  and  the  other  under  the  spider,  not  quite  dead. 
The  observation  appeared  to  be  new  to  the  residents,  tJiough  the  insect 
was  well  known ;  and  the  crab-^derSj  as  they  call  them,  are  injurious 
even  to  man,  from  the  maddening  irritation  produced  by  their  hairs, 
which  come  off  when  touched.  Nevertheless,  Mr.  Bates  '*  saw  the 
children  belonging  to  an  Indian  family,  who  collected  for  me,  with 
one  of  these  monsters  secured  by  a  cord  round  its  waist,  by  which 
they  were  leading  it  about  the  house  as  they  would  a  dog."  (p.  162.) 

The  impediments  which  Mr.  Bates  encountered  in  his  journeys  up 
and  down  the  '  Great  Father  of  Waters '  almost  exceed  belief,  owing 
partly  to  the  dangers  of  the  river  navigation,  and  partly  to  the  scarcity 
of  tiuding-canoes  large  enough  for  his  accommodation.  Although  but 
a  river,  a  strong  breeze  would  produce  such  a  sea^  that  the  vessel  (a 
schooner)  pitched  and  rolled  like  a  ship  in  the  ocean ;  and  in  the 
Tocantins,  the  view  from  the  middle  of  the  stream  is  described  as  very 
imposing : — "  Towards  the  north-east,  there  was  a  long  sweep  of  horizon, 
clear  of  land ;  and  on  the  south-west,  stretched  a  similar  boundless 
expanse,  but  varied  with  islets  clothed  with  fan-leaved  palms,  visible, 
however,  only  as  isolated  groups  of  columns,  tufted  at  the  top,  rising 
here  and  there  amidst  the  waste  of  waters."  (I.  220.) 

We  cannot  suf&ciently  admire  the  perseverance  and  earnestness  with 
which  Mr.  Bates  overcame  di£&culties  that  would  have  deterred  any 
ordinary  traveller,  and  encountered  dangers  of  no  insignificant  nature. 
These  difficulties  and  dangers  are  best  illustrated  by  his  account  of  a 
voyage  up  the  Tapajos,  from  Santarem  to  the  Mundurucii  village.  It 
was  necessary  first  to  procure  a  vessel  of  his  own,  a  two-masted  cuberta, 
of  about  six  tons'  burthen,  strongly  built  of  Itauba  wood.  This  was 
hired  at  the  cheap  rate  of  Is.  2d.  per  diem.  Then  men  were  necessary, 
and  although  only  six  were  wanted,  it  was  almost  impossible  to  procure 
them ;  and  at  length,  after  almost  fearing  that  the  voyage  must  be 
given  up,  he  procured  one  man,  and  with  his  servant  Jos($  he  deter- 
mined to  attempt  the  journey.  Before  they  had  got  many  miles  a 
storm  arose  wluch  blew  away  their  boat,  tore  their  sails  to  rags, 
snapped  their  ropes,  and  drove  their  vessel  broadside  on  the  beach. 
Nine  day^  were  necessary  to  repair  the  rigging ;  but  not  lost  days,  for 
there  were  rich  forests  to  explore.  Having  been  fortunate  enough  to 
meet  with  another  hand,  they  again  proceeded,  and  for  some  days  all 
went  on  well,  but  the  loss  of  the  boat  was  a  great  source  of  annoyance, 
and  ultimately  was  remedied  by  building  a  canoe  out  of  a  tree  felled 
for  the  purpose,  and  moved  with  great  labour  to  the  river-side  upon  a 
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road  made  for  the  occasion*  The  casca  turned  oat  a  Buccess.  Add  to 
all  this  the  plagues  of  fire-ants — Tabani,  which,  by  twos  and  threes  at 
a  time,  dug  their  probosces,  half>an-inch  long  and  sharp  as  a  needle, 
through  the  long  thick  cotton  shirt  upon  their  backs,  meJdng  them  crj 
out  under  the  infliction,  and  a  host  of  other  inoonyeniences ;  and  it 
will  be  seen  that  natural-history  collecting  upon  the  Amazons  is  no 
child's  play. 

Some  curious  adventures  with  serpents  rewarded  this  excursion. 
On  one  occasion  an  Anaconda  (Eunectes  murinus),  18  feet  9  inches 
long,  was  systematically  hunted  and  despatched  with  harpoons ;  and 
he  appears  to  credit  reports  of  similar  serpents  having  been  found 
42  feet  long.  Moreover,  the  natives  are  not  without  faith  in  the  ex- 
istence of  a  great  Amazonian  serpent,  rivalling  the  great  sea-serpent 
itself  in  magnitude.  On  another  occasion,  '^  whilst  pinning  an  insect, 
I  was  rather  startled  by  a  rushing  UMse  in  the  vicinity.  I  looked  up 
to  the  sky,  thinking  a  squall  was  coming  on,  but  not  a  breath  of  wind 
stirred  in  the  tree  tops.  On  stepping  out  of  the  bushes,  t  met  face  to 
face  a  hugh  serpent  (Boa  Constrictor)  coming  down  a  slope,  and 
making  the  dry  twigs  crack  and  fly  with  his  weight  as  he  moved  over 
them.  I  had  very  frequently  met  with  a  smaller  boa,  the  Cutim  boa^ 
and  knew  from  the  habits  of  the  family  that  there  was  no  danger";  so 
I  stood  my  ground.  On  seeing  me,  the  reptile  suddenly  turned,  and 
glided  at  an  accelerated  pace  down  the  path.  Wishing  to  take  a  note 
of  his  probable  size,  and  the  colours  and  markings  of  his  skin,  I  set 
off  after  him,  but  he  increased  his  speed,  and  I  was  imable  to  get  near 
enough  for  the  purpose.  There  was  very  little  of  the  serpentine  move- 
ment in  his  course.  The  rapidly  moving  and  shining  body  looked 
like  a  stream  of  brown  liquid  flowing  over  the  thick  bed  of  fiedling 
leaves,  rather  than  a  serpent  with  a  ^in  of  varied  colours.  The  huge 
trunk  of  an  uprooted  tree  here  lay  across  the  road ;  thiq  he  glided 
over  on  his  imdeviating  course,  and  soon  after  penetrated  a  dense 
swampy  thicket,  where,  of  course,  I  did  not  choose  to  follow  him." 

Having  stayed  about  three  years  and  a-half  at  Santarem,  and  in  its 
neighbourhood,  Mr.  Bates  proceeded  to  Ega,  on  the  Upper  Amazon, 
or  Solimoens,  and  this  distoit  spot,  1,200  miles  from  Par4,  he  made 
his  head-quarters  for  no  less  than  four  and  a-half  years,  making  during 
that  period,  however,  excursions  of  300  and  400  miles'  distance  from 
it.  An  arduous  journey  of  35  days  from  Santarem  brought  our  tra- 
veller to  Ega,  where,  far  from  civilized  life,  he  was  often  put  to  great 
shifts,  from  the  fedlure  of  communication  and  remittances  from  Europe. 
From  the  inhabitants  he  met  with  civility  and  kindness,  and  although 
never  troubled  with  impertinent  curiosity  on  their  part,  his  pursmits 
could  not  fail  to  arouse  some  speculation.  The  Indians  and  half- 
castes  complacently  thought  it  but  natural  that  strangers  should  collect 
and  send  abroad  the  beautiful  birds  and  insects  of  their  country,  uni- 
versally concluding  that  the  butterflies  were  wanted  as  patterns  for 
bright-coloured  calico  prints.  We  can  sympathize  with  the  noble 
endurance  of  Mr.  Bates,  in  spite  of  the  difficulty  of  getting  news,  the 
want  of  intellectual  society,  and,  towards  the  latter  part  of  his  resi- 
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dence,  ill-health  arising  from  bad  and  insnjfficient  food;  and  feel 
rejoiced  that  he  was  well  repaid  by  the  fact  that  the  neighbourhood 
yielded  him,  up  to  the  last  day  of  his  residence,  an  uninterrupted  suc- 
cession of  new  and  curious  forms  in  the  different  classes  of  the  animal 
kingdom,  but  especially  insects. 

It  is  dif&cult,  from  such  a  mine  of  information  as  is  displayed  in 
the  contents  of  these  two  volumes  of  t|;avel,  to  select  for  illustration 
one  subject  of  considerably  greater  interest  than  another.  Mr.  Bates 
discourses  of  monkeys,  of  serpents,  of  birds,  of  insects,  of  yegetation, 
of  natives,  and  all  with  the  air  of  one  who  speaks  of  what  he  has  seen. 
But  it  is  to  insects  more  especially  that  his  attention  was  directed, 
and  if  we  were  to  single  out  one  subject  in  particular  which  he  has 
thoroughly  studied,  it  would  be  that  of  the  history  of  the  various  spe- 
cies of  Ants,  the  Saiiba  Ant,  the  Formiga  de  Fogo  or  Fire  Ants,  the  Ter- 
mites, the  Foraging  Ants,  &c.,  for  the  graphic  and  interesting  accounts 
of  which,  however,  we  must  refer  the  reader  to  his  volumes.  But  while 
it  is  to  insects  that  he  has  devoted  a  large  portion  of  his  attention,  it 
is  in  reference  to  them  also  chiefly,  that  he  has  advanced  those  views 
which  we  have  already  alluded  to,  as  bearing  upon  the  question  of  the 
origin  of  species ;  and  in  the  remaining  portion  of  this  article  we 
shall  briefly  notice  those  views. 

Among  insects,  the  causes  and  influence  of  colour  is  a  very  im- 
portant subject,  which  receives  its  share  of  attention,  but  although 
the  brilliant  ornamentation  of  the  males  exists  in  the  &una  of  all 
climates,  it  certainly  reaches  a  higher  degree  of  perfection  in  the 
tropics  than  elsewhere ;  nevertheless  Mr.  Bates  concludes  that  it 
is  not  wholly  the  external  conditions  of  light,  heat,  moisture,  and 
so  forth,  which  determine  the  general  aspect  of  the  animals  of  a 
country,  and  he  combats  the  generally  entertained  notion  that  the 
superior  size  and  beauty  of  tropical  insects  and  birds  are  imme- 
diately due  to  the  physical  conditions  of  a  tropical  climate,  or  are 
in  some  way  directly  connected  with  them.  It  is  almost  always  the 
males  only  which  are  beautiful  in  colours ;  the  brilliant  dress  is  rarely 
worn  by  both  sexes  of  the  same  species.  If  climate  had  any  direct 
influence  in  this  matter,  why,  he  asks,  have  not  both  sexes  felt  its 
effects,  and  why  are  the  males  of  genera,  living  imder  our  gloomy 
English  skies,  adorned  with  bright  colours  ?  It  is  true  the  tropics 
have  a  vastly  greater  total  number  of  species  altogether ;  the  abund- 
ance of  food,  high  temperature,  absence  of  seasons  of  extreme  cold 
and  dearth,  and  the  variety  of  stations,  all  probably  operate  in  favour- 
ing the  existence  of  a  grei^ter  number  and  variety  of  species  in  tropical 
than  in  temperate  latitudes ;  but  the  contrast  between  the  colouring 
of  the  sexes  is  often  greater  in  the  tropics  than  in  any  species  of  tem- 
perate zones,  so  that,  in  &ct,  beauty  of  colour  is  not  peculiar  to  any 
one  zone,  but  producible  under  any  climate  where  a  number  of  species 
or  given  genus  lead  a  flourishing  existence.  These  facts  "  all  point  to 
the  mutual  relations  of  the  species,  and  especially  to  those  between 
the  sexes,  as  having  far  more  \o  do  in  the  matter  than  climate."  Else- 
where he  makes  a  remark  in  which  we  most  heartily  concur :  ^  I  think 
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it  is  a  childish  notion,  that  the  beauty  of  birds,  insects,  and  other 
creatures  is  given  to  please  the  human  eye.  Surely  rich  plumage  and 
song,  like  all  other  endowments  of  species,  are  given  them  for  their 
own  pleasure  and  advantage.  This,  if  true,  ought  to  enlarge  our 
ideas  of  the  inner  life  and  mutual  relations  of  our  humbler  fellow- 
creatures  ! " 

Again,  the  similarity  of  the  colour  of  the  insect  to  the  ground  it 
inhabits  is  an  interesting  problem  touched  upon  at  vol.  i.  p.  207, 
This  assimilation  is  exhibited  by  some  and  not  by  others,  the  dress  of 
some  species  being  in  striking  contrast  to  the  colours  of  their  dwell- 
ing-place. But,  as  Mr.  Bates  remarks — The  species  not  so  protected 
"  has  means  of  protection  of  quite  a  different  nature,  and  therefore  does 
not  need  the  peculiar  mode  of  disguise  enjoyed  by  its  companion ; " 
and  he  properly  infers,  '*  that  the  ffict  of  some  species  not  exhibiting 
the  same  adaptation  of  colours  to  dwelling-places  as  their  companion 
species,  does  not  throw  doubt  on  the  explanation  given  of  the  adapta- 
tion, but  is  rather  confirmatory  of  it." 

Mr.  Bates  supports  by  observation  Darwin's  views  of  the  compe- 
tition existing  amongst  organized  beings,  and  illustrates  it  in  the 
v^etable  world  by  the  growth  of  the  Amazons  forest,  especially  by 
the  Murderer  Liana,  a  species  of  fig,  which  puts  forth  arm-like 
branches  from  side  to  side,  which  meet  together,  and  clasping  one 
another  mount  upwards,  tightly  encircling  the  tree  which  supports  it 
with  inflexible  rings,  till  at  length  the  tree  is  killed,  and  "  the  strange 
spectacle  remains  of  the  selfish  parasite,  clasping  in  its  arms  the  life- 
less and  decaying  body  of  its  victim,  which  had  been  a  help  to  its  own 
growth.  Its  ends  have  been  served ;  it  has  flowered  and  fruited, 
reproduced  and  disseminated  its  kind ;  and  now  when  the  dead  trunk 
moulders  away,  its  own  end  approaches,  its  support  is  gone,  and 
itself  also  falls."  Thus  the  Liana  merely  exhibits,  in  a  more  con- 
spicuous manner  than  usual,  the  struggle  which  necessarily  exists 
amongst  vegetable  forms  in  these  crowded  forests,  when  individual 
is  competing  with  individual,  and  species  with  species,  all  striving  to 
reach  light  and  air,  in  order  to  unfold  their  leaves  and  perfect  their 
organs  of  fructification.  But  *'  there  is  plenty  in  tropical  nature  to 
counteract  any  unpleasant  impression  which  the  reckless  energy  of 
the  vegetation  might  produce.  There  is  the  incomparable  beauty  and 
variety  of  the  foliage,  the  vivid  colours,  the  richness  and  exuberance 
everywhere  display^,  which  make,  in  my  opinion,  the  richest  wood- 
land scenery  in  Northern  Europe  a  sterile  desert  in  comparison.  But 
it  is  especially  the  enjoyment  of  life  manifested  by  individual  exist- 
ences, which  compensates  for  the  destruction  and  pain  caused  by  in- 
evitable competition."  (vol.  i.  p.  66.) 

But  Mr.  Bates's  strongest  article  of  alliance  with  Mr.  Darwin  is 
upon  the  subject  of  mimetic  resemMancea.  This  curious  topic,  touched 
upon  in  several  places  in  his  work,  has  received  further  elucidation  in 
the  admirable  and  elaborate  memoir  referred  to  at  the  head  of  this 
article.  This  memoir  was  read  to  the  LinnsBan  Society,  Nov.  2l8t, 
1861,  and  long  preceded,  therefore,  his  two  volumes  of  travel,  to  whioh  we 
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have  hitherto  been  referring.  By  this  memoir,  entitled  '  Contribntions 
to  an  Insect  Famia,  of  the  .Ajoazon  Valley,'  Mr.  Bates  has  established  for 
himself  a  high  rank  among  original  investigators,  and  has  shown  powers 
of  observation  of  which  he  may  justly  feel  proud.  For  although  the 
subject  of  recurrent  form,  or  analogical  resemblance,  or  homomor- 
phism,  or  by  whatever  title  it  may  be  called,  has  attracted  the  atten- 
tion of  many  naturalists,  the  manner  in  which  it  is  here  illustrated  in 
the  Heliconine  group  of  butterflies,  is  equally  original  and  acute. 

Mr.  Bates  found  that  certain  butterflies,  so  closely  mocked  cer- 
tain others  belonging  to  distinct  groups,  that  though  always  on  the 
watch,  it  required  all  his  caution  to  distinguish  them.*  He  believes 
that  these  resemblances  are  intended  as  a  protection  to  otherwise 
defenceless  insects,  by  deceiving  insectivorous  animals,  and  pre- 
sumes that,  seeing  the  excessive  abundance  of  one  species  and  the 
fewness  of  the  individuals  of  the  other,  that  the  Heliconide  is 
free  from  the  persecution  to  which  the  Leptalis  is  subjected ;  and  he 
seems  inclined  to  attribute  less  to  community  of  habit  than  we  should 
be  disposed  to  do,  though  it  cannot  be  denied  that  such  community  is 
a  constant  concomitant  of  mimetism. 

The  bearing  of  this  subject,  upon  the  origin  of  species,  is  plainly 

*  The  HeliconidiB  appeared  to  him  to  be  the  objects  mocked,  because  they  all 
have  the  same  family  fticies,  whilst  the  analo°;ous  species  are  dissimilar  to  their 
nearest  allies, — permitted,  as  it  were,  to  produce  the  resemblance  from  the  normal 
facies  of  the  genus  or  family  to  which  they  severally  belong.  &o  close  were 
the  resemblances  that  Mr.  Bates  was  never  able  to  distinguish  the  Leplalidet 
(PieridsB)  from  the  species  they  imitated,  without  close  examination  after  capture. 
And  yet  the  Leptalide$  belong  to  a  family  totally  different  in  structure  and  meta- 
morphosis from  the  HeliconidsBf  which  they  imitate.  Moreover,  they  fly  in  the 
same  part  of  the  forest,  and  generally  in  company  with  the  species  they  mimic. 
Species  of  Ithomia  {Hdiconidas)  concerned  in  these  imitations  have  all  the  character 
of  true  species,  being  distinct  and  constant.  They  are  all  excessively  numerous 
in  in  livid uals,  swarms  of  each  kind  being  found  in  the  districts  they  inhabit.  The 
Lepialides  are  extremely  rare  ;  they  cannot  be  more  than  as  one  in  a  thousand  of 
the  IthomiiB.  Moreover,  none  of  these  Leptalides  have  been  found  in  any  other 
district  or  country  than  those  inhabited  by  the  Ithomiaa,  which  they  coimterfeit. 
A  species  very  closely  allied  to  L.  Lysinoe  has  been  received  from  Mexico ;  but  an 
Ithomia  of  nearly  the  same  colours  (1.  Nero)  also  inhabits  Mexico.  Some  other 
LepUdidee  exist  which  do  not  mimic  Jthomiat  but  some  other  genera  of  the  same 
family,  as  Methona  and  Mechanitis,  **  A  similar  series  of  mimetic  analogies  occurs 
in  the  Old  World,  between  the  Asiatic  and  African  Danaida  (or  representatives 
of  the  Hdiconidx)  and  species  of  other  families  of  butterflies  and  moths ;  but  no 
instance  is  known  in  these  families  of  a  tropical  species  of  one  hemisphere  counter- 
feiting a  form  belonging  to  the  other."  So,  also,  on  the  banks  of  the  Amazons 
parasitic  bees  and  two-winged  flies  mimic  the  dress  of  industrious  and  nest- 
building  bees  peculiar  to  this  country,  at  whose  expense  they  Uve,  in  the  manner 
of  the  cuckoo. 

An  examination  of  the  beautiful  coloured  plates  in  the  Linnsean  Society's 
memoir  shows  that  the  mimetic  resemblances  exhibit  a  minute  and  palpably 
intentional  likeness,  which,  as  Mr.  Bates  expresses  it,  is  perfectly  staggering ; 
and  no  wonder,  indeed,  that  he  was  constantly  being  deceived  by  them.  Com- 
paring Leptalis  TheonoS  with  Ithomia  Floret,  or  the  Ega  variety  with  Ithomia 
lUinina,  Leptalis  Amphione  with  Mechanitis  Polymnia  (both  var.  Bgaensis),  and, 
again,  Leptalis  Orise  with  Methona  Psidii,  we  cannot  fail  to  be  astonished  at  the 
closeness  of  the  resemblance,  particularly  when  taken  in  connection  with  the 
normal  farm  of  Leptalis  Nehemia, 
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stated  by  Mr.  Bates,  as  a  most  beautifal  proof  of  the  theory  of  natural 
selection,  by  showing  that  a  new  adaptation,  or  the  formation  of  a  new 
species  is  not  effected  by  great  and  sudden  change,  but  by  numerous 
small  steps  of  natural  yariation  and  selection.  Local  conditions  fetvour 
the  increase  of  one  or  more  yarieties  in  a  district  at  the  expense  of  the 
others, — the  selected  ones  being  different  in  different  districts,  in  the 
case  of  the  yarieties  of  Mechanitia,  "  With  the  mimetic  species  LeptcdtM 
Tkeonoe  the  case  is  different.  We  see  here  a  segregation  of  local  forms 
similar  to  that  of  Mechanitis  Polymnia ;  but  we  belieye  we  know  the  con- 
ditions of  life  of  the  species,  and  find  that  they  yary  from  one  locality 
to  another.  The  existence  of  the  species,  in  each  locality,  is  seen  to 
depend  on  its  form  and  colours,  or  dress  being  assimilated  to  those  of 
lihomioB  of  the  same  district,  such  assimilation  being  apparently  its 
only  means  of  escaping  extermination  by  insectiyorous  animals."  And 
indeed  the  abundance  of  the  mocked  species  seems  to  show  that  it  pos- 
sesses some  such  immunity,  and  at  ail  eyents  liyes  under  conditionB 
yery  fayourable  to  its  increase  and  preseryation.  To  exist  in  a  certain 
locality,  a  Leptalis  must  wear  a  certain  dress,  and  those  of  its  yarieties 
which  do  not  come  up  to  the  mark  are  rigidly  sacrificed. 

It  is  manifestly  impossible  in  a  reyiew  to  enter  fully  into  all 
the  arguments  of  the  work.  All  that  can  be  done  is  to  indicate  the 
salient  points,  and  abstract  the  conclusions ;  and  much  as  these  specu- 
lations of  Mr.  Bates  haye  interested  us,  we  must  content  ourselyes  with 
this  imperfect  risumi  of  them,  and  refer  those  who  would  know  more 
upon  the  subject  to  the  memoir  itseK.  In  taking  leaye  of  Mr.  Bates, 
howeyer,  we  cannot  help  expressing  the  gratification  and  rare  pleasure 
we  haye  felt  in  the  perusid  at  his  *  Naturalist  on  the  Amazons,'  in  which 
a  yast  amount  of  truthful  and  original  information  is  giyen,  in  an 
unobtrusiye  ,and  unselfish  style.  The  world  of  naturalists  is  under  a 
heayy  obligation  to  him  for  his  toilsome  and  laborious  collection  of 
facts,  and  for  the  interesting,  though  probably  not  less  laborious,  work 
in  which  they  are  permanently  embodied.  Nor  must  we  omit  thanks 
to  Mr.  Darwin,  for  screwing  Mr.  Bates's  courage  to  the  sticking  place, 
without  which  perhaps  the  work  would  neyer  haye  been  written,  or  at 
all  eyents  haye  been  so  deferred  as  to  impair  itsyalue.  The  '  Contribu- 
tions to  Insect  Fauna  of  the  Amazons'  are  an  important  addition  to 
Entomological  science,  and  howeyer  ayerse  some  may  be  to  the  theory  of 
natural  selection,  no  one  can  fidl  to  be  instructed,  as  well  as  interested, 
by  the  ingenious  remarks  with  which  Mr.  Bates  preludes  the  systema- 
tic part  of  the  subject.  We  hail  Mr.  Bates  as  a  worthy  naturalist- 
trayeller,  and  willingly  and  gratefully  accord  to  him  a  well-earned  and 
high  position  amongst  those  who  haye  adyanced  science  by  patient, 
earnest,  and  original  inyestigation. 
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THE  GREAT  METEOR  OF  1863.* 

Amongst  the  most  startling  of  cosmical  phenomena  are  the  occasional 
appearances  of  Meteors  of  extraordinary  size  and  luminosity.  Coming 
without  the  forewamings  of  gathering  clouds  and  dropping  rain,  their 
sudden  advent  in  a  clear  bright  sky  excites  more  astonishment  in  the 
common  observer  than  the  most  vivid  lightning,  while  the  dull  booming 
sound  which  follows  their  disappearance  or  explosion  has  more  of 
mystery,  and  excites  more  terror  than  the  pealing  thunder  which 
succeeds  the  electric  flash. 
Almost  as  transient  as — 

*'  the  borealis  race 
Which  flit  ere  you  can  trace  their  place," 

the  scientific  observer  is  often  as  much  at  a  loss  to  tell  whence  they 
come  and  whither  they  go  as  the  ordinary  witness  of  their  brilliancy. 
He  is  generally  but  conscious  of  a  momentary  flash  of  light,  and  on 
looking  to  the  heavens  sees  only  the  trail,  something  like  a  luminous 
scratch  in  the  sky,  left  by  the  passing  object.  A  debt  of  gratitude  is 
therefore  due  to  any  philosopher  who,  like  the  author  of  the  opuscule 
we  notice,  is  at  the  pains  to  collect  and  compare  the  observations  of 
any  single  example  made  at  widely  distant  stations,  and  construct 
from  the  whole  a  connected  narrative. 

On  the  evening  of  the  4th  of  March,  1863,  at  about  seven  o'clock, 
Dr.  Heis,  Professor  of  Astronomy  and  Mathematics  in  the  Royal  Academy 
of  Munster,  was  taking  a  walk  in  the  open  air.  The  sky  was  clear  and 
bright,  when  suddenly  the  whole  neighbourhood  was  for  a  moment 
lighted  up  as  with  Bengal  Are,  and  looking  upwards  the  Doctor  saw 
passing  majestically  across  the  Armament  a  flre-ball  which  seemed  to 
increase  in  size  until  it  grew  as  large  as  the  moon  at  full.  Such  an 
appearance  of  course  excited  astonishment  in  all  who  witnessed  it,  and 
as  the  author  was  known  to  take  an  especial  interest  in  these  phe- 
nomena,'!' a  few  days  brought  him  numerous  communications  on  the 
subject.  From  these,  some  contributed  by  astronomers  and  physicists 
of  great  repute,  as  Baumhauer  of  Amsterdam,  Quetelet  of  Brussels, 
and  Mr.  Greg  of  Manchester,  others  from  writers  of  no  scientific 
repute,  but  as  country  clergymen  telling  no  doubt  truthfully  what  they 
believed  they  saw,  and  also  from  the  results  of  his  own  inquiries 
among  the  most  stupid  of  Belgian  peasants,  the  author  has  drawn  up 
this  complete  account  of  the  form,  apparent  size,  colour,  brightness  of 
the  object,  as  well  as  the  trail,  and  Ihe  manner  in  which  it  disappeared 
or  exploded. 

*  •  Die  grosse  Feuerlnigel,  welche  am  Abende  des  4  Marz,  1863,  in  Holland, 
Deutschland,  Belgien,  und  England  gesehen  worden  ist.'  Von  Dr.  Ed.  Heis,  Pro- 
fessor der  Mathematik  und  Astronomic  an  der  Konigl.  Akadcmie  zu  Munster. 
Halle:  H.W.  Schmidt.    1863. 

The  large  fire-ball  which  was  seen  in  Holland,  Germany,  Belgium,  and  Eng- 
land on  the  evening  of  the  4th  of  March,  1863,  &c  &c. 

t  He  had  published  an  account  of  the  large  Fire  Ball  seen  in  Gennany  on  th« 
evening  of  the  4th  December,  1861. 
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The  Meteor  appears  to  have  been  visible  oyer  a  hexagonal  area, 
the  angles  of  which  are  formed  by  the  following  places : — Manchester, 
Brighton,  Treves,  Erbach,  Hanover,  and  the  North-coast  of  the  kingdom 
of  Hanover.  This  space  encloses  more  than  100,000  English  square 
miles.  The  most  distant  opposite  angles  in  the  direction  N.W.  and 
S.E.  are  Manchester  and  Erbach,  553  miles  ajMurt ;  and  teom  N<E.  tb 
S.W.  Bremen  and  Brighton,  401  miles  distant. 

About  the  time  of  the  appearance  and  its  duration  there  is  little 
room  for  difference  of  opinion.  The  author  calculates  the  mean  time 
for  Muuster  at  7h.  6m.,  and  the  duration  is  variously  stated  to  have 
been  from  3  to  6  seconds. 

The  form  and  size  of  the  fire-ball  are  naturally  open  to  wider 
differences  of  opinion  among  the  observers,  but  in  this  instance  the 
differences  are  capable  of  reconciliation.  One  observer  compared  the 
head  of  the  Meteor  to  the  head  of  a  fish,  and  remarked  that  it  pro- 
gressed with  the  movement  of  a  swimming  fish.  Another  compared 
it  to  a  club,  the  length  of  which  was  three  times  that  of  the  breadth. 
The  majority  observed  that  it  was  pear-shaped,  egg-shaped,  or  fig- 
shaped  ;  hence  the  author  concludes  that  it  was  really  ellipsoidal. 
But  as  most  on  the  Belgian  side  described  it  as  a  *'  fiery  cannon  ball," 
the  author  infers  that  the  longer  axis  was  directed  towards  that 
side. 

The  apparent  size  was  mostly  compared  with  some  terrestrial 
object.  It  was  said  to  have  been  the  size  of  a  man's  head,  a  child's 
head,  a  hen's  egg,  or  a  ball  4,  5,  or  6  inches  in  diameter.  Many 
said  it  was  the  size  of  the  moon,  others  that  its  diameter  was  },  -^,  or 
i  that  of  the  moon.  One  observer  describes  it  as  four  times  the  size 
of  the  evening  star,  and  another  says  that  at  its  first  appearance  it  wa9 
no  larger  than  ordinary  star  dust  (Stemschuppe). 

The  description  of  the  colour,  also,  offers  some  differences. 
Some  say  it  was  of  dazzling  whiteness,  others,  a  greenish  blue,  while 
another  remarks  that  the  light  resembled  that  of  the  Electric  spark.* 

The  colour,  however,  appears  to  have  been  changed  by  intervening 
media,  so  that  at  some  stations  it  was  said  to  be  red,  deep  yellow,  dark 
red,  or  violet  The  author  believes  that  the  real  colour  of  the  Meteor 
was  red,  inasmuch  as  it  appeared  of  that  colour  when  at  a  great  height, 
and  in  bright  moonlight. 

The  most  extraordinary  brightness  was  remarked  everywhere ;  it 
seemed  like  the  sudden  appearance  of  a  full  moon  in  the  heavens.  Near 
Boppard,  an  observer  on  a  moimtain  saw  for  a  moment  the  valley  of  the 
Bfalne  lighted  up  as  by  a  very  bright  full  moon.  At  one  place,  a  clergy- 
man could  distinguish  the  letters  in  a  newspaper  lying  on  his  table, 
and  at  Eupen  a  man  could  see  to  read  in  the  street.  The  shadows  of 
objects  were  thrown  remarkably  sharply  and  well  defined ;  and  the 
confused  dance  of  the  shadows  of  houses  and  trees,  projected  as 

*  The  Beviewer,  who  was  passing  along  Regent  Street,  London,  on  the  evening 
in  question,  was  much  startled  bv  the  sndden  appearance  of  an  extraordinary  light, 
which,  to  him,  appeared  exactly  like  the  light  of  the  electric  spark.  On  looking  to 
the  sky,  he  saw  nothing  but  a  brilliant  line  of  light  which  appeared  to  lie  nearly 
East  and  West,  and  seemed  three  or  four  yards  long. 
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There  were  others  who  supposed  it  to  be  going  towards  the  zenith' 
Two  reliable  observations  further  afforded  him  the  means  of  calcula- 
ting with  some  certainty,  both  the  direction  and  the  height.  One  of 
these  was  the  observation  made  in  the  Miinster  Cathedral.  The  large 
west  window  of  the  cathedral  was  suddenly  lighted  up,  so  that  the 
architectural  details  were  all  rendered  plainly  visible,  and  the  observer 
saw  the  ball  pass  across  in  an  oblique  direction  from  the  right-hand 
comer.  From  measurement  of  the  distance  of  the  observer  from 
the  window,  and  the  height  of  the  window.  Dr.  Heis  was  enabled  to 
calculate  two  points  in  the  path  of  the  Meteor. 

We  may  sum  up,  in  a  few  words,  the  conclusions  at  which  the 
author  arrived  from  a  c^xeful  comparison  of  the  various  observations 
which  reached  him.  He  believes  that  the  fire-ball  first  became  visible 
at  a  point  in  the  North  Sea,  abput  53°  50'  north  latitude,  and  longitude 
5^  east  of  Greenwich,  at  a  height  of  88  miles ;  that  it  travelled  from 
north  to  south,  and  disappeared  in  latitude  5r  28',  longitude  5°  18',  at 
a  height  of  17  miles,  having  in  its  visible  course  traversed  187  miles  in 
4i  seconds,  at  the  rate  of  47^  miles  in  a  second.  The  path  inclined 
towards  the  horizon,  at  an  angle  of  22^. 

We  have  said  that  the  author  himself  believed  that  the  fire-ball  had 
fallen  to  the  earth.  So  convinced  was  he  of  this,  that  he  made  a 
journey  to  the  place  near  which  he  supposed  it  to  have  fallen,  in  order 
to  search  for  and  make  inquiries  after  it.  He  wandered  over  the 
neighbourhood  of  Herzogenbusch,  in  the  north  of  Flanders,  for  several 
days,  but  without  success,  and  departed  at  last,  disappointed  indeed, 
yet  still  hopeful,  for  he  left  at  the  village  schools  a  promise  of  a  large 
reward  for  any  boy  who  should  find  a  meteoric-stone. 

On  all  sides,  however,  he  found  the  impression  existed  that  the 
Meteor  had  fallen  in  the  immediate  neigbourhood,  and  from  the  in- 
terval of  time  which  elapsed  between  the  disappearance  of  the  light 
and  the  observation  of  the  sound  in  this  vicinity,  he  calculated  the 
height  at  which  it  exploded.  But  unfortunately  the  ideas  of  the 
Belgian  peasants  as  to  length  of  the  interval  were  rather  vogue.  Several 
guessed  it  at  five  minutes,  which  was  much  too  long,  so  the  Doctor, 
in  his  perplexity,  appealed  to  an  intelligent  cook,  who  both  saw  the 
Meteor  and  was  frightened  by  the  noise.  In  answer  to  the  question, 
"  Could  she  have  boiled  an  egg  hard  in  the  interval  ?  "  she  replied, 
"  Lord  bless  me,  no — not  even  soft  ! — Lord  bless  me,  no ;  it  could  not 
have  done  in  double  the  time ; "  and  so  the  interval  was  reduced  from 
five  minutes  to  less  than  one  minute,  which  was  further  diminished  by 
other  observers  to  twenty-two  or  twenty-five  seconds. 

If  it  were  solid,  and  had  fallen  entire,  there  would  hardly  have 
been  much  difficulty  in  finding  the  object,  for  Dr.  Heis  has  cal- 
culated that  in  such  a  case  the  earth  would  suddenly  have  acquired 
a  mountain  as  large  as  one  of  the  Siebengebirge.  The  diameter  of 
the  fire-ball  he  estimates  at  1,881  English  feet ;  but  it  may  be,  he 
remarks,  that  these  bodies  have  only  a  small  nucleus  within  a  luminous 
envelope. 

The  cosmical  relations  of  the  fire-ball  of  the  4th  of  March  we  must 
dismiss  very  briefly.     The  author  determined  that  it  moved  around  ihe^ 
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sun  in  a  hyperbola,  and  that  it  became  visible  at  a  point  in  the  heayens 
near  the  star  y  Gephei.  For  the  elements  of  tins  determination  we 
must  refer  the  reader  to  the  little  work  under  reyiew« 

With  regard  to  the  chemical  composition  of  fire-balls,  Dr.  Heis  has 
nothing  new  to  tell  us.  The  recent  discovery  of  hydrocarbons,  graphite, 
and  free  sulphur  in  stones  which  have  feJlen,  may  lead  to  the  supposi- 
tion that  some  are  wholly  combustible  in  very  attenuated  air,  and  we 
may  thus  account  for  the  phenomena  of  falling  or  shooting-stars ;  while 
in  others  the  mineral  matters  may  predominate,  and  these  sometimes 
e3i:ploding  with  detonation,  fragments  £eJ1  to  the  earth  constituting 
meteoric  stones. 

Bespecting  the  origin  and  destination  of  the  Meteors  and  fire-balls 
we  have,  of  course,  no  information,  and  the  votaries  of  modem  science 
and  of  ancient  poetry  will  still  continue  variously  to  regard  them  as 
fresh  fael  for  our  flaming  sun,  or  fragments  of  a  shattered  world. 


MILLS  AND  MILLWOBK.* 


To  the  minds  of  laymen  the  vocation  of  engineering  is  not  so  obviously 
cut  up  into  distinct  departments  as  tiie  better  known  and  older  profes- 
sions. While  time  and  the  experience  which  each  of  us  must  encounter 
teach  all  men  to  distinguish,  with  some  approach  to  accuracy,  between 
the  many  distinct  provinces  into  which  the  practice  of  medicine  and 
that  of  law  are  divided,  there  are  comparatively  few  persons  not  con- 
nected with  engineering  who  are  aware  that  the  same  division  of  labour 
which  characterizes  each  of  the  three  so-ccJled  learned  professions 
may  be  found  to  regulate  and  aid  the  labours  of  the  engineer.  The 
two  main  lines  of  the  calling  are  pretty  well  known  under  their  relative 
names  of  Civil,  and  Mechanical  Engineering ;  but  out  of  these,  and 
especially  out  of  the  latter,  there  spring  numerous  entirely  distinct 
branch  lines,  each  leading  and  ministering  to  its  own  special  industry, 
and  each  (to  carry  out  our  figure)  presided  over  by  a  distinct  staff  of 
management  with  widely  different  functions. 

The  civil  engineers  being  a  more  purely  professional  class  than 
their  mechanical  brethren,  naturally  deal  with  a  wide  range  of  matters, 
and  do  not  greatly  tend  to  split  up  into  specialities ;  but  the  mechani- 
cian being  generally  a  practical  man  who  lives  by  producing  as  well 
as  scheming  machinery,  soon  finds  that  his  business,  to  be  made  pro- 
fitable, must  be  confined  within  comparatively  narrow  limits. 

Hence  there  arises  an  inmiense  variety  of  machine  makers  all  in- 
cluded under  the  generic  title  of  mechanical  engineers,  a  body  amongst 
whom,  taken  as  a  whole,  there  exists  an  astonishing  amount  of  practical 
experience  and  theoretical  knowledge ;  but  each  having  his  own  speci- 
ality out  of  which  it  is  seldom  his  wish  or  his  interest  to  travel. 

This  is,  however,  quite  a  recent  state  of  things  in  the  profession. 

•  •  Mills  and  Millwork.'    By  W.  Fairbairn.  Esq..  C.E..  LL.D..  F.RS,  P.G.S.. 
&0.    2  vols.    Longmans. 
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Some  fiftj  years  ago,  when  the  maohinist's  art  was  in  its  infancy, 
the  "  millwright,"  who  may  fairly  be  considered  as  the  ancestor  of 
mechanical  engineers,  was  &r  from  special  in  his  pursuits.  In  the 
best  cases  he  was,  to  use  Mr.  Fairbaim's  own  words,  "  the  sole  repre- 
sentative of  mechanical  art.  He  was  the  engineer  of  the  district  in 
which  he  lived ;  a  kind  of  Jack-of-aU-trades  who  could  with  equal 
fiEu^ility  work  at  the  lathe,  the  anvil,  or  the  carpenter  s  bench.  Generally 
he  was  a  fiair  arithmetician,  knew  something  of  geometry,  levelling, 
and  mensuration,  and,  in  some  cases,  possessed  a  very  competent 
knowledge  of  practical  mathematics.  He  could  calculate  tibe  velocities, 
strength,  and  power  of  machines ;  could  draw  in  plan  and  section,  and 
could  construct  buildings,  conduits,  or  water-courses  in  all  the  forms 
and  under  all  the  conditions  required  in  his  professional  practice ;  he 
could  build  bridges,  cut  canals,  and  perform  a  variety  of  work  now 
done  by  civil  engineers.  Such  was  the  character  and  condition  of  the 
men  who  designed  and  carried  out  most  of  the  mechanical  work  of  this 
country  up  to  the  middle  and  end  of  the  last  century.'* 

In  the  course  of  the  great  modem  expansion  of  the  mechanical  arts, 
the  old  millwright  has  become  very  nearly  extinct,  and  the  wide  field 
in  which  he  laboured  has  been  partitioned  among  several  craftsmen. 
The  domain  of  mill-work  is,  however,  still  very  comprehensive,  while 
it  is  not  surpassed  in  importance  by  any  other  branch  of  mechanical 
industry. 

Mill-work  may  properly  be  said  to  include  every  engineering 
process  involved  in  the  construction  both  of  the  buildings  and 
machinery  employed  in  producing  consumable  manufactures,  including 
every  species  of  motive  power,  whether  derived  from  wind,  water,  or 
steam.  Mr.  Fairbaim's  book  is  a  practical  and,  in  some  particulars, 
an  exhaustive  treatise  on  each  of  these  subjects,  which  are  judiciously 
divided  into  five  sections,  comprising — 1.  Introduction,  with  a  sketch 
of  the  early  history  of  mills.  2.  The  principles  of  mechanism.  3. 
On  prime  movers.  4.  On  the  machinery  of  transmission.  5.  On  the 
arrangement  of  mills.  Of  the  two  first  sections  we  have  little  to  say ; 
both  might  have  been  omitted  without  detriment  to  the  merits  of  the 
work ;  it  is  only  after  we  have  skimmed  the  curious  information  of  the 
first,  and  glanced  at  the  familiar  elementary  mechanics  of  the  second 
section,  that  we  begin  to  find  the  great  storehouse  of  the  author  s 
original  experiences  open,  or  to  recognize  what  an  enormous  amount 
and  variety  of  actual  practice  is  here  reduced,  tabulated,  and  made 
ready  for  the  daily  use  of  the  millwright  and  engineer. 

Throughout  the  whole  of  his  work,  but  especially  in  the  second 
and  latest  published  volume  with  which  we  have  more  particularly  to 
deal,  Mr.  Fairbaim  is  essentially  "  practical."  It  is  a  noteworthy  fact 
that  in  spite  of  the  aid  which  mathematical  science  affords  to  the  engi- 
neer, our  best  machinists  and  our  best  machinery  are  less  the  result  of 
applied  mathematical  investigation  than  of  intuitive  judgment  backed  by 
the  time-honoured  rule  of  thumb.  It  is  true  that  the  mathematician's  aid 
is  in  every-day  use  in  ascertaining  the  direction  and  intensity  of 
strains  and  calculating  the  resisting  powers  of  the  various  parts  of 
machinery,  but  even  through  all  the  elaborate  tables  and  rules  given 
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by  our  author  for  the  determinatioii  of  the  proportions  of  geanxig, 
shaftB,  or  any  other  portion  of  mill  work,  the  fact  transpires,  that  the 
mathematics  have  been  fitted  to  the  practice,  and  not  tiie  practice  to 
the  mathematics.  Nor  is  this  pecnlitur  to  Mr.  Fairbeim ;  on  the  con- 
trary, a  similar  tendency  has  pervaded  the  work  of  onr  best  engineers, 
so  that  it  has  ahnost  come  to  be  believed  by  some,  that  a  great  mathe- 
matical capacity  is  inconsistent  with  nnusual  mechanical  ability. 

Though  this  is  a  question  of  much  interest,  we  do  not  propose  to 
discuss  it  here,  but  merely  remark,  in  passing,  that  Mr.  Fairbaim's 
work  is  certainly  another  and  weighty  argument  put  into  the  mouths 
of  those  who  hold  that  the  great  masters  in  the  mechanical  craft  have 
ever  used  pure  mathematics  as  a  very  humble  kind  of  servant,  treating 
her  mainly  as  a  cu^toa  rerum,  or  a  means  of  making  the  results  of  their 
great  natural  intuition  and  observation  common  property  for  their 
inferiors  or  successors. 

The  second  and  recently  published  volume  of  the  work  opens  with 
Section  4,  and  contains  an  elaborate  investigation  into  the  wide  subject 
of  the  machinery  of  transmission.  Amongst  one  of  the  most  important 
general  conclusions  on  this  subject,  towards  which  Mr.  Fairbairn  con- 
ducts the  reader,  is  that  of  the  superiority  of  toothed  gearing  over  straps 
or  other  wrapping  connectors  for  purposes  of  transmission.  It  is  well 
to  have  our  attention  called  to  this  point  at  a  time  when  the  example  of 
American  engineers  has  produced  a  strong  feeling  in  favour  of  strap- 
pine;  as  compared  with  sear,  and  Mr.  Fairbairn  does  cood  service  in 
Minting  ont  ihe  Boperiority  of  wheelwork.  The  advantages  which  oaa 
be  claimed  for  straps  are  smoothness  of  motion,  noiselessness  of  action, 
and  perhaps  smallness  of  first  cost ;  but  they  are  cumbrous,  frequently 
out  of  repair,  destructive  in  their  effects  on  the  journals,  and  wholly 
inapplicable  in  cases  where  the  motion  requires  to  be  transmitted  in  a 
constant  ratio.  One  of  the  drawbacks  to  a  freer  use  of  toothed  wheels 
has  hitherto  been  foimd  in  the  great  expense  of  truly  shaped  and  fitted 
gears ;  but  the  introduction  of  the  wheel-moulding  machine,  with  its 
consequent  improvement  in  the  truth  of  teeth  in  cast-wheels,  is  likely 
to  bring  wheelwork  into  more  extensive  use  than  at  present. 

The  chax)ters  on  the  teeth  of  wheels  would  be  little  more  than  a 
recapitulation  of  the  ordinary  mathematical  demonstration  of  their  true 
form  were  it  not  for  the  introduction  of  a  most  useful  series  of  practical 
tables,  from  one  or  other  of  which,  as  if  from  a  ready  reckoner,  every 
problem  concerning  any  required  wheel  may  be  instantly  solved, 
whether  it  relate  to  the  strength,  pitch,  thickness,  depth,  clearance,  or 
horses'  power  to  be  transmitted  through  a  particular  tooth.* 

*  Among  the  drawiogs  given  of  various  forms  of  teeth  is  one  which,  like  the 
table  just  referred  to,  illnstrates  the  very  practical  nature  of  this  treatise.  Our 
meclianioal  readers  are,  of  coarse,  aware  that  in  most  demonstrations  of  the  Epicy- 
oioidiil  tooth  that  particular  form  having  its  flanks  formed  by  hypocycloids,  which 
are  aldo  radial  lines,  is  almost  exclusiyely  dealt  with.  How  this  is  a  tooth  which, 
notwithstanding  the  simplicity  of  its  delineation,  is  rarely  used  in  practice,  because 
of  its  inherent  weakness :  so,  although  we  get,  as  usual,  some  prominence  given 
in  the  demonstration  to  the  radial  hypocydoid,  Mr.  Fairbairn's  practical  bent  does 
not  permit  him  to  leave  his  reader  without  giving  a  figure  of  the  **  teeth  of  a  large 
wheel,  traeed  from  ona  of  my  own  patterns,  to  exhibit  the  form  which  practice  hat 
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The  remaming  chapters  on  the  machineiy  of  transniission  deal 
chiefly  with  shafting  and  its  details.  Next  to  ^e  practice  of  dividing 
labour  into  minnte  departments,  and  making  each  man's  work  a  task  of 
repetition,  the  factory  system  depends  for  its  economy  of  production  on 
the  concentration  of  a  large  number  of  machines  under  one  building. 
Some  years  ago,  before  this  plan  was  carried  to  its  present  extent, 
it  was  common  in  mills  to  have  separate  water-wheels  to  every  machine ; 
but,  as  trade  developed,  the  true  principle  of  concentrating  the  motive 
power  soon  forced  itself  into  notice.  No  sooner  did  it  become  the 
custom  to  use  either  one  large  water-wheel  or  steam-engine  to  drive 
the  whole  factory,  than  the  question  of  shafting  for  the  transmission 
of  power  to  the  distant  parts  of  the  building  began  naturally  to  receive 
attention.  In  order  to  show  to  what  an  extent  this  system  of  trans- 
mission has  been  carried,  we  may  mention  that,  at  the  great  Saltaire 
Mills,  more  than  two  miles  of  shafting  is  employed.  Nowhere,  per- 
haps, throughout  his  work,  does  Mr.  Fairbaim  give  more  full,  accu- 
rate, and  useful  information  in  a  tabulated  form  than  on  the  subject  of 
shafting,  while  the  practical  examples  of  couplings,  clutches,  journals, 
and  brackets,  illustrated  by  detail  drawings,  comprise  every  modem 
design  of  value. 

Section  5,  on  the  arrangement  of  mills,  opens  with  some  very 
interesting  remarks  and  information  on  mill  architecture.  It  is  true 
that  Mr.  Fairbaim  does  not  touch  at  all  upon  that  £requently  agitated 
question,  the  shortcomings  of  the  engineer  as  an  architect,  but  his 
[fetches  and  observations  tend  to  bring  it  closely  before  us.  A 
recent  writer  very  well  remarked,  in  speaking  of  the  relations  between 
the  engineer  and  the  architect,  that,  in  consequence  of  the  entirely 
opposite  views  which  either  of  the  two  take  of  their  respective  profes- 
sions, the  "architects  are  quarrelling  over  Greek  mouldings  and 
Gk>thic  pinnacles,  and  dreaming  of  reproducing  the  elegance  of  classical 
times,  while  the  engineers  are  spanning  our  rivers  with  structures  such 
as  the  world  never  saw  before,  archmg  under  our  mountains,  and 
roofing  acres  for  stations.  They  are,  in  fact,  executing  a  series  of 
works  which  throw  eyerything  else  hitherto  done  into  the  shade ;  but 
all  this,  unfortunately,  without  that  touch  of  higher  art  which  is  alone 
wanted  for  perfection,  and  this  simply  because  the  building  profession 
is  divided  against  itself,  because  its  two  branches  are  conducted  on 
principles  so  much  at  variance  that  they  cannot  work  together. 
The  engineers  cannot  forego  theirs,  because  they  are  the  only  prin- 
ciples which  men  of  sense  can  follow ;  so  unless  the  architects  will 
consent  to  waive  some  of  their  arch»ological  fancies,  we  may  be 
condemned  to  live  in  the  midst  of  ugliness  for  ever.  When  once 
this  fact  is  appreciated,  we  shall  surpass  all  preceding  ages  in  architec* 

ihown  to  be  desinble.'*  In  this  speoimen,  aa  might  have  been  expected,  the  flanka 
of  the  teeth  are  generated  by  a  small  describing  circle,  whose  hypocydoid  gives  a 
tooth  admirably  proportioned  and  amply  strong  in  the  root.  This  is  a  small 
matter,  perhaps,  but  not  an  unimportant  one.  No  young  student  of  mechanical 
engineering  is  likely  to  be  led  astray  by  Mr.  Fairhaim,  and  the  teeth  of  th»  wheel, 
**  traced  from  my  own  pattern,"  are  a  good  sample  of  the  principle  on  which  the 
whole  of  the  book  is  wntten. 
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tare  as  we  have  done  in  engineering.  To  call  arcliitectiire  back  within 
the  domain  of  common  sense  is  what  is  most  wanted  on  the  part  of 
the  engineers  to  complete  the  services  they  have  rendered  and  are 
rendering  to  mankind." 

Whether  brought  about  by  architects  or  engineers,  there  is,  how- 
ever, a  great  change  for  the  better  in  the  artistic  treatment  of  mill 
buildings.  Mr.  Fairbaim  gives  us  a  sketch  of  a  very  slight  attempt 
at  architectural  effect  with  which  he  succeeded,  in  1826,  in  replacing 
the  old  boxlike  form  of  mill,  and  there  is  no  doubt  that  much  of  the 
credit  of  modem  improvement  in  this  respect  is  due  to  him.  There 
is  still  room,  however,  for  the  advent  of  that  architect  of  the  future 
alluded  to  by  the  writer  from,  whom  we  have  quoted  above. 

Among  tiie  most  interesting  descriptions  of  mills  actually  erected 
by  our  author  which  occupy  the  larger  and  latter  half  of  his  second 
volume  is  the  Taganrog  Com  Mill,  on  the  north  shore  of  the  Black 
Sea,  constructed  for  the  Eussian  Gk)vemment,  and  originally  intended 
for  the  double  purpose  of  supplying  the  Bussian  navy  with  biscuit, 
and  facilitating  the  export  of  Eussian  grain  in  the  shape  of  flour. 
The  terms  of  the  Paris  treaty  of  peace,  stipulating  that  no  vessel  of 
war  should  be  retained  on  the  Black  Sea,  have  modified  the  original 
objects  contemplated  in  the  erection  of  these  mills,  and  they  are  now 
used  only  for  ihe  purpose  of  grinding,  dressing,  &c.  The  mill  con- 
tains 86  pairs  of  stones  arranged  on  Mr.  Fairbaim's  longitudinal 
principle,  and  possesses  every  requisite  for  grinding  180  to  200  bushelfl 
of  wheat  per  hour. 

Daring  the  siege  of  Sebastopol  it  was  determined  by  the  English 
Government  to  supply  the  troops  daily  with  fresh  flour  from  the  grain 
of  the  surrounding  country,  and  the  description  of  the  *  Bruiser ' 
floating  mill  and  bc^ery  is  one  of  the  most  generally  interesting  in  the 
book.  This  vessel  was  fitted  up  internally  precisely  in  the  same 
manner  as  an  ordinary  mill,  the  power  being  derived  from  her  screw 
engines.  Without  the  sketches  it  is  difficult  to  extract  an  intelligible 
description  of  the  floating  mill,  but  we  learn  that,  "  During  the  time 
the  vessel  was  in  Balaclava  harbour,  the  daily  produce  of  flour  was 
about  24,000  lbs.  It  was  originally  intended  that  the  mill  should  be 
capable  of  producing  20,000  lbs.  of  bread  per  day,  but  it  proved  equal 
to  a  considerably  larger  production.  The  total  quantity  of  bread 
turned  out  in  the  three  months  from  January  to  March,  1856,  was 
1,284,747  lbs.,  and  the  expenses  of  working  were  2,017Z.  or  Ss.  2d. 
per  100  lbs.  of  bread  made.  The  quantity  of  flour  ground  in  the  same 
time  was  1,831,792  lbs.,  with  858,172  lbs.  of  bran;  the  expenses  of 
working  were  2,050Z.,  or  3«.  Id.  per  100  lbs.  of  flour  produced.  The 
total  cost  of  the  flour  produced  was  about  258.  Sd,  per  100  lbs.,  the  wheat 
costing  about  18«.  per  100  lbs.  The  grinding  of  the  wheat  was  found 
to  be  performed  quite  satisfJEictorily  while  the  vessel  was  at  sea,  even 
in  a  heavy  swell  causing  an  excessive  motion." 

Bearing  in  mind  the  success  of  this  experiment  and  the  import- 
ance of  fresh  flour  and  bread  to  the  health  of  troops,  Mr.  Fairbaim 
suggests  the  propriety  of  ^'a  light  portable  steam-engine  and  mill 
for  grinding  being  constantly  attached  to   the  camp  whenever  an 
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army  takes  the  field.  The  whole  a£fair  would  not  exceed  the  weight 
of  one  of  our  heavy  siege-gims,  and  there  wocdd  be  no  practical  diffi- 
culty in  the  way  of  introducihg  an  engine  capable  of  supplying 
newly-baked  bread  from  an  oven  constructed  in  the  smoke-box  of  a 
portable  locomotive  engine,  mounted  on  wheels  and  prepared  to  grind 
at  the  same  time."  Here  is  another  direction  in  which  the  ingenuity 
of  mechanicians  may  be  made  to  serve  the  interests  of  military  prac- 
tice, somewhat  more  peaceable  than  that  which  ib  leading  many  of  our 
best  mechanical  engineers  to  become  either  artillerists  or  armour- 
makers. 

Our  limits  do  not  permit  us  to  follow  Mr.  Fairbaim  through  the 
descriptions  of  flax,  cotton,  oil,  gunpowder,  and  paper  mills,  all  of 
which  are  more  than  usually  valuable,  as  they  contain,  in  almost  every 
case,  the  story  of  his  own  doings,  and  the  resiQt  of  his  own  practice. 
As  ike  most  successful  and  most  extensive  master-millwright  in  the 
world,  Mr.  Fairbaim  has  done  good  service  to  the  profession  of  en- 
gineering by  the  publication  of  this  work.  The  subject  is  one  on 
which  there  has  been  a  singular  dearth  of  published  information ; 
most  other  important  branches  of  engineering  have  been  treated  at 
length  by  more  or  less  able  authors,  but  the  mysteries  of  the  mill- 
wright*s  crafb*  have  been  hitherto  preserved  mainly  in  oral  tradi- 
tions and  empirical  rules.  No  fitter  person  than  Mr.  Fairbaim  could 
have  been  found  to  give  this  floating  information  a  shape.  Com- 
mencing his  work  as  a  millwright  some  fifty  years  ago,  he  found  the 
practice  of  mill-work  in  a  most  primitive  condition.  By  the  applica- 
tion of  new  principles,  by  the  concentration  of  motive  power,  the 
substitution  of  cast-iron  wheelwork  for  the  old  and  cumbrous  forms 
of  wooden  gear,  the  improvement  of  water-wheels  by  the  invention  of 
ventilating  buckets,  the  use  of  the  steam-engine  as  a  prime  mover,  and 
last,  not  least,  the  introduction  of  wrought-iron  shafting  of  small 
diameter,  he  brought  about  just  such  a  revolution  in  the  millwright's 
art  as  the  increasing  commercial  activity  of  his  time  demanded.  Like 
most  men  who  attain  celebrity,  William  Fairbaim  has  worked  hand  in 
hand  with  circumstances.  His  professional  career  commenced,  to  use 
his  own  words,  ''just  at  a  time  when  the  country  was  recovering  from 
the  effiBcts  of  a  long  and  disastrous  war,  and  he  was  enabled,  from  this 
circumstance,  to  grow  up  with,  and  follow  out  conscientiously,  nearly 
the  whole  of  the  discoveries,  improvements,  and  changes  ^t  have 
since  taken  place  in  mechanical  science."  Hence  it  was  that  he  was 
enabled  to  apply  his  great  natural  mechanical  abilities  with  so  much 
success  towards  the  further  development  of  our  industrial  resources 
and  the  extension  of  our  trade  throughout  the  globe. 
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The  highest  attainment  of  Natural-History  science  is  to  describe 
accurately  the  living  inhabitants  of  the  earth.  This  can  only  be  done 
by  the  slow  and  laborious  process  of  making  catalogues  of  the  plants 
and  animals  of  particular  localities.  Such  catalogues  are  of  little  use 
to  those  ignorant  of  natural-history  studies,  and  can  only  be  compiled 
by  those  who  have  made  the  greatest  progress,  and  are  competent 
critically  to  pronounce  that  the  forms  alleged  to  have  been  found  in 
a  particular  locality  are  truly  the  forms  named  by  some  standard 
authority.  It  is  no  wonder  then,  that  so  little  has  been  done  towards 
giving  an  exact  account  of  the  animals  and  plants  of  any  particular 
district.  Of  all  parts  of  the  world,  the  British  Islands  afford  the 
best  opportunity  for  such  a  study,  and  perhaps  there  is  no  country 
where  so  much  has  been  done  in  this  direction.  The  work  is,  how- 
ever, still  very  imperfect.  Our  lists  of  animals  and  plants,  such  as  are 
comprehended  in  our  Floras  and  Faunas,  do  not  pretend  to  give  the 
localities,  excepting  generally  where  any  particular  species  has  been 
found  to  occur.  The  relation  which  a  local  Flora  bear^  to  a  general 
Flora,  is  well  seen  in  Professor  Babington's  '  Manual  of  the  British 
Flora,'  and  his  list  of  plants  in  the  *  Flora  of  Cambridgeshire.'  In 
the  one,  the  species  of  plants  are  given  which  occur  throughout  Great 
Britain,  and  the  locality  is  only  generally  stated  by  the  county  or  dis- 
trict in  which  it  grows ;  in  the  other,  every  locality  in  which  a  par- 
ticular plant  is  known  to  occur,  is  given. 

It  is  only  when  plants  and  animals  are  studied  in  the  last- 
mentioned  way,  that  the  causes  of  their  growth  and  distribution 
can  be  expected  to  be  discovered.  It  is  evident  to  all  who  pass 
through  a  limited  or  large  space  of  country,  that  the  growth  of  plants 
is  very  varied,  and  no  one  can  fail  to  be  impressed  with  the  fact, 
that  there  are  certain  causes  acting  which  produce  this  great  variety 
of  distribution.  A  cursoiy  examination  shows  that  such  influences  as 
temperature,  moisture,  water,  and  composition  of  soil  are  at  work,  and 
general  laws  can  be  laid  down  according  to  which  certain  groups  of 
plants  are  found  to  flourish  or  disappear.  It  is,  however,  as  we  come 
to  examine  individual  species,  that  we  find  no  explanation  can  be 
given  of  their  absence  and  abundance ;  and  closer  observation  of  the 
connection  between  each  species  and  the  soil,  and  other  conditions  of 
their  growth,  are  demanded  for  the  purposes  of  satisfieictorily  affording 
the  basis  of  the  laws  of  their  distribution.  Much  has  been  done  in 
this  direction,  and  we  are  indebted  to  the  laborious  efforts  of  Mr.  H. 
C.  Watson,  to  reduce  to  something  like  general  order  what  is  at  pre- 
sent known  of  the  distribution  of  English  plants. 

Apart,  however,  from  the  scientific  interest  that  attaches  to  the 

*  '  Flora  of  Surrey ;  or,  a  Catalogue  of  the  Flowering  Plants  and  Trees  found 
In  the  County/    By  James  Alexander  Brewer.    London  :  J.  Van  Voorst. 

'  Flora  of  Marlborough ;  with  Notices  of  the  Birds  and  a  Sketch  of  the  Geo- 
)of}cid  Featares  of  the  Neighbourhood.'    London  :  J.  Van  Voorst 
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acourste  desoription  of  plants  in  particnlar  localities,  thej  have  their 
yalne  in  directing  the  attention  of  students  to  places  where  they  can 
find  species  which  otherwise  would  escape  iJieir  attention.  It  is 
perhaps  to  this  £ict  that  we  are  indebted  for  the  publication  of  local 
Floras  as  separate  works  at  all.  The  publication  of  such  works  has 
been  especially  called  for  and  produced  by  the  formation  of  local 
Naturalists*  Field  Clubs.  These  Associations,  devoting  themselves  to 
the  exploration  of  the  natural  history  of  the  localities  in  which  they 
occur,  collect  a  great  quantity  of  information,  and  it  is  to  such  a 
Society  that  the  public  is  indebted  for  one  of  the  Floras  named  at  the 
commencement  of  this  article. 

We  are  also  indebted  to  other  Clubs  in  various  jmrts  of  this 
county  for  similar  works.  Nothing  can  be  more  conducive  to 
health,  both  of  mind  and  body,  than  such  Associations,  and  a  public 
is  thus  formed  capable  of  appreciating  and  using  Local  Floras  such  as 
those  above  mentioned. 

It  is  also  very  desirable,  when  the  study  of  Natural  History  is  cul- 
tivated in  schools  and  families,  that  guides  to  the  treasures  which  are 
to  be  found  in  the  immediate  neighbourhood  should  be  possessed  by 
the  pupils  as  incentives  to  the  collection  of  particular  or  rare  kinds  of 
natural-history  objects. 

It  is  a  mistake  to  suppose  that  natural  objects  can  only  be  success- 
fully studied  in  their  larger  or  more  striking  forms ;  it  is  the  objects 
which  are  found  at  every  man*s  door  that  become  the  field  for  the 
grandest  and  most  important  discoveries.  Lyonnet  has  made  for  him- 
self an  undyiDg  reputation  by  the  study  of  the  anatomy  of  the  cater- 
pillar of  the  common  privet  hawk  moth.  Huber  studied  the  bees  in 
his  own  garden  and  the  immediate  neighbourhood  of  his  residence. 
White  has  made  Selboume  a  classical  spot  for  all  time  by  the  study 
of  the  habits  of  the  animals  within  a  mile  of  his  own  house.  The 
finest  illustrations  of  his  beautiful  theory  of  the  origin  of  species 
were  derived  by  Darwin,  not  from  his  studies  as  a  naturalist  who 
had  voyaged  round  the  world,  but  as  a  country  gentleman  who  had 
studied  the  habits  of  the  tenements  of  his  dovecote,  and  the  relations 
of  the  cats,  mice,  bees,  and  clovers  in  his  own  paddock.  Fascinating 
as  the  prospect  must  be  to  every  young  and  ardent  lover  of  nature  to 
traverse  the  ocean,  and  view  its  wonders  under  tropical  suns,  or  pierc- 
ing the  rich  forests  of  the  torrid  zones,  to  behold  for  the  first  time 
with  human  eyes,  the  forms  of  animal  and  vegetable  life  they  may 
contain,  there  is  nothing  more  certain  than  that  the  fixed  and  quiet 
study  of  natural  objects  at  home  can  be  made  as  rich  a  source  of  intel- 
lectual pleasure,  and  important  discovery,  as  traversing  distant, 
though  more  fertile  fields. 

It  is  with  much  pleasure,  then,  that  we  direct  attention  to  two 
works  which  have  be^  recently  published  on  Local  Natural  History. 
They  are  both  called  '  Floras,'  at  the  same  time  they  are  both  some- 
thing more  than  a  mere  catalogue  of  plants  and  their  localities.  In 
both  we  are  supplied  with  maps  of  the  district,  to  the  elucidation  of  the 
botany  of  which  they  are  devoted.  In  both  we  have  a  sketch  of  the 
geology  of  the  part  of  the  countiy  in  which  the  plants  are  foimd,  a 
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recognition  of  tbe  relations  of  the  plants  to  the  soil  in  which  they 
grow,  of  considerable  importance.  To  the '  Flora '  of  Marlborough  there 
is  also  added  a  list  of  birds  found  in  the  neighbonrhood  of  that  place. 
We  should  be  glad  to  see  the  practice  of  combining  lists  of  plants  and 
animals  followed  up  so  that  eyery  student  of  natural  history  may  be 
supplied  with  a  knowledge  of  whatever  forms  of  life  exist  aromd  him, 
in  whatever  direction  his  particular  tastes  may  lead  him. 

Of  the  two  works  before  us  the  most  unpretending  is  the  '  Flora 
of  Marlborough.'  It  is  the  production  of  Mr.  T.  A.  Preston,  who  is 
too  modest  to  place  his  name  upon  the  title-page,  but  he  dates  from 
Marlborough  College.  He  says,  in  his  preface,  the  work  was  '^  under- 
taken mainly  for  the  purpose  of  assisting  those  members  of  the  Col- 
lege who  may  be  fond  of  Botany."  We  are  sure  all  friends  of  a 
more  extended  education  than  is  at  present  afforded  in  our  great  edu- 
cational establishments,  will  congratulate  Marlborough  College  on  the 
production  within  its  waUs  of  this  contribution  to  Local  Natural 
Histoiy.  We  do  not  know  whether  any  direct  encouragement  is  given 
to  the  study  of  Natural  History  at  Marlborough,  but  we  regard  this 
publication  as  one  of  many  other  indications  that  natural  science  is 
beginning  to  excite  attention,  and  its  claims  to  a  place  in  the  curri- 
culum of  school  studies  recognized. 

In  the  list  of  plants  presented  by  Mr.  Preston  he  confines  himself 
to  the  limit  of  a  circle  with  a  radius  of  six  miles  from  Marlborough. 
This  circle  is  divided  into  four  districts,  and  lies  principally  upon  the 
chalk  formation,  so  that  little  opportunity  is  given  for  the  compa- 
rison of  plants  occurring  on  different  geological  strata. 

The  arrangement  of  plants  followed  is  that  of  Professor  Babington, 
in  the  fourth  edition  of  his  '  Manual  of  British  Botany.'  The  author  has 
done  this  from  the  conviction  that,  although  Bentham's  '  Hand  Book ' 
is  extremely  useful  for  those  beginning  the  study  of  Botany,  and  has 
many  excellent  points  about  it,  yet  the  wholesale  manner  in  which 
Bentham  has  united  what  have  generally  been  regarded  as  distinct 
species,  and  described  them  imperfectly,  as  varieties,  have  induced  him 
to  prefer  Babington's  book. 

The  list  of  plants  is  preceded  by  some  remarks  on  the  '  Geological 
Features  of  Marlborough,'  by  W.  G.  Adams,  Esq.  This  essay  is  de- 
voted to  the  description  of  too  small  a  portion  of  the  earth's  surface 
to  call  for  criticism,  but  it  is  evidently  the  production  of  one  who  has 
studied  the  geology  of  the  district,  and  contains  an  interesting  expo- 
sition of  the  causes  that  have  been  at  work  in  the  production  of  the 
chalk,  and  the  beds  that  lie  above  it  in  the  neighbourhood  of  Marl- 
borough. We  may,  however,  venture  to  say  that  we  think  the  Diato- 
maceous  theoiy  of  the  production  of  flints  in  the  chalk,  as  propounded 
by  Mr.  Adams,  is  hardly  borne  out  by  the  feu^ts  of  the  case.  Whether 
the  silex  of  flints  was  once  in  the  form  of  the  skeletons  of  Diatoms  is 
perhaps  a  question,  but  we  have  no  knowledge  of  any  facts  which 
could  lead  to  the  conclusion  that  flints  are  produced  as  tiie  result  of  a 
conglomeration  of  the  skeletons  of  Diatoms. 

Of  the  list  of  plants  we  have  nothing  farther  to  say  than  that  it 
is  printed  on  the  plan  of  Professor  Babington's  *  Flora  of  Cambridge/ 
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and  that  for  every  locality  giyen  for  a  plant  the  initials  of  the  name 
of  the  observer  are  attached. 

The  list' of  birds  has  been  drawn  up  by  E.  B.  Smith,  Esq.,  of 
Corpus  Christi  College,  Oxford.  The  notes  attached  to  the  name  of 
each  bird  are  interesting,  and  will  be  found  to  make  this  part  of  the 
work  much  easier  reading  than  the  list  of  plants.  It  would  not  perhaps 
be  found  impossible  in  Local  Floras  to  make  notes  to  the  plants  which 
might  be  instructive  to  the  beginner  in  Botany. 

The  Flora  of  Surrey  is  much  the  most  important  volume  of  the  two. 
It  is  three  -times  the  size  of  the  last;  has  two  valuable  coloured 
maps ;  embraces  the  plants  of  a  county ;  has  a  history ;  and  has 
been  produced  by  men  not  unknown  to  fame.  Who  that  has  studied 
Natural  History  the  last  quarter  of  a  century,  is  not  acquainted  with 
the  papers  of  *'  Busticusj  of  Godalming?*'  It  was  the  late.  J.  D. 
Salmon,  of  Godahning,  with  a  few  friends  interested  in  the  study  of 
plants,  who  first  resolved,  at  a  meeting  held  in  the  town  of  Guildford, 
to  procure  materials  for  the  publication  of  a  Flora  of  the  county  of 
Surrey.  Mr.  Salmon  undertook  the  task  of  editing  this  Flora,  and 
had  proceeded  to  some  considerable  extent  with  his  task  when  he  died. 
At  the  sale  of  his  effects,  in  the  autumn  of  1861,  all  his  MSS.,  and  a 
rich  collection  of  plants  which  he  had  formed,  were  purchased  by  the 
Holmesdale  Natural  History  Club,  and  those  materials  were  placed  in 
the  hands  of  the  author  of  the  '  Flora  of  Reigate,'  for  publication. 
No  one  could  be  better  fitted  for  the  work,  and  Mr.  Brewer  has  now 
produced  a  Flora  which,  for  accuracy  and  extent,  stands  unrivalled 
amongst  the  Local  Floras  of  Great  Britain. 

As  already  stated,  this  work  is  accompanied  with  two  maps ;  on  one 
of  them  the  county  is  divided  into  nine  divisions,  to  each  of  which 
a  letter  is  attached.  Each  plant  is  referred  to  in  the  Hst,  as  it  is  found 
in  one  or  other  of  these  divisions.  The  second  is  a  geological  map, 
which  has  been  drawn  and  coloured  from  one  laid  down  by  Mr.  Joseph 
Prestwich.  The  work  opens  with  an  Introduction  on  the  Physical 
Greography  and  Botanical  Divisions  of  the  county  of  Surrey,  which,  we 
are  informed,  was  written  by  the  late  J.  D.  Salmon.  It  is  an  interesting 
geological  and  geographical  account  of  the  county  of  Surrey. 

The  list  of  plants  is  very  copious,  and  the  arrangement  and  nomen- 
clature generally  adopted  are  those  of  the  fiffch  edition  of  the  '  London 
Catalogue  of  British  Plants.'  We  should  have  preferred  the  plan  of 
following  some  British  Manual,  and  in  this  respect  we  think  the  plan 
of  the  Marlborough  Flora  the  best.  The  notices  of  localities  are 
very  numerous,  and  the  names  of  the  specimens  are  at  once  guarantees 
of  the  accuracy  of  the  observations. 

The  most  interesting  parts  of  the  volume  to  the  general  student 
will  be  found  in  the  Appendices,  of  which  there  are  four.  In  the 
first  is  given  a  list  of  plants  introduced  to  the  country  and  not  tho- 
roughly naturalized.  The  second  contains  a  list  of  plants  found  on 
the  Thames  side,  near  Wandsworth  and  Battersea,  and  which  are 
undoubtedly  introduced  plants  from  seed  brought  to  this  locality  by 
the  presence  of  a  large  distillery  situated  at  the  waterside.  They 
nevertheless  have  their  interest  in  showing  how  plants  from  distant 
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oonnties  may  be  introduced  and  become  naturalized.  Tbe  third 
Appendix  consists  of  a  table  showing  the  geological  distribution  of 
plants  in  the  county.  From  this  table  we  gather  that  the  number  of 
plants  known  to  occur  on  all  strata  is  117.  The  number  confined 
to  the  valley  alluyium,  7 ;  to  the  superficial  gravels,  19 ;  to  the 
Bagshot  sands,  9  ;  to  the  London  clay,  14 ;  to  the  Beading  and  Wool- 
wich beds,  2  ;  to  the  chalk,  55 ;  to  the  upper  greensand  and  gault,  5 ; 
and  to  the  lower  greensand,  28.  The  last  Appendix  gives  the  relative 
proportion  of  the  plants  of  the  United  Kingdom  to  Ihose  enumerated 
in  the  Surrey  Flora,  and  also  the  proportion  which  the  number  of 
species  in  each  natural  order  in  Surrey  bears  to  the  total  amount  in 
the  coxmtry.  From  this  table  we  find  that  Surrey  is  deficient  in  the 
following  natural  orders : — FrankenicicecBy  Tamartscacem,  lUecebracece, 
Plumb.ciginacecBf  EleeagfuiceoB,  AristolochiacecB^  EmpeiracecB,  and  JWo- 
eatdonecB.  It  will  at  once  be  seen  that  none  of  these  are  common 
orders. 

The  Flora  of  Surrey  contains  altogether  984  species,  besides  65  well- 
marked  varieties.  The  following  five  plants  are  believed  to  be  pecu- 
liar to  Surrey.  ImpatieiM  fidva,  Teucrium  Botrys,  Lilium  Martagony 
Digitalis  sanguirudU,  and  Buxw  sempervirena.  The  latter,  the  common 
Box,  is  well  known  throughout  England,  but  is  not  thoroughly  natu- 
ralized in  any  other  county. 

From  what  we  have  said,  it  must  be  seen  that  the  Flora  of  Surrey 
is  a  most  valuable  and  laborious  work,  and  deserves  to  be  in  the  hands 
not  only  of  every  lover  of  Natural  History  in  the  county  of  Surrey,  but 
in  those  of  every  student  of  Botany  throughout  the  country.  We  are 
glad  to  observe  a  good  list  of  subscribers,  and  wish  that  our  good 
opinion  of  the  work  may  be  the  means  of  increasing  its  sale,  and  en- 
couraging Local  Natural  History  societies  to  follow  the  good  example 
of  the  Holmesdale  Natural  History  Club. 
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NOTES   AND    CORRESPONDENCE. 


On  the  Highest  Magnifying  Power  of 
the  Microscope  yet  employed. 

In  giving  a  very  brief  summary  of 
my  recent  observations  upon  the 
mode  of  termination  of  the  nerves 
in  voluntary  muscle,  the  editor  of 
'Cosmos,*  for  August  28th,  1863, 
remarks: — "Nous  regrettons  pour 
notre  compte  que  M.  Beale  n'ait 
pas  dit  dans  sa  note  avec  quel  genre 
a'oculaires  et  avec  (juel  jeu  de  len- 
tilles  il  a  pu  obtenir  le  prodigieuz 
grossissement  de  3,000  fois." 

I  propose  in  the  present  short 
communication  to  describe  briefly 
how  my  di'awings  representing  ob- 
jects magnified  to  this  extent  were 
obtained.  In  making  drawings  of 
microscopical  objects,  it  is  usual  to 
represent  the  image  the  size  it 
appears  when  thrown  upon  paper 
with  the  aid  of  the  camera  or 
neutral  tint  glass  reflector  at  the 
distance  of  10  inches  from  the  eye, 
the  arbitrary  point  at  which  the 
magnifying  power  of  object-glasses 
is  measured.  If  the  image  be  taken 
at  a  point  nearer  to  the  eye  it  ap- 
pears smaller;  while,  at  a  greater 
distance,  it  of  courve  appears  much 
larger  than  at  the  arbitrary  distance 
above  stated.  Large  diagrams  may 
indeed  be  made  direct  from  the 
microBcope,  by  placing  the  diagram 
paper  at  the  distance  of  3  feet  or 
more  from  the  eye,  and  tracing 
upon  it  with  a  long  pencil  the  ob- 
ject as  reflected  from  the  neutral 
tint  glass  reflector. 

In  practice,  I  have  often  found 
it  almost  impossible  to  represent, 
in  drawings,  lines  as  fine  as  those 
seen  in  the  preparation.  A  certain 
0oan«iefi3  is  inevitable.    The  copied 


lines  and  markings  appear  rougher 
and  thicker,  than  tne  real  ones. 
But  this  defect  is  to  some  extent 
removed  by  drawing  the  object 
somewhat  larger  than  it  appears  to 
be  magnified  at  the  distance  of  10 
inches  from  the  eye ;  and,  in  order 
to  obtain  uniform  results,  I  always 
draw  the  object  the  size  it  would 
appear  if  copied  on  the  same  level 
as  the  stage  of  the  microscope. 
The  scale  for  measurement  is  copied 
at  precisely  the  same  distance.  A 
glass  which  at  10  inches  is  said  to 
magnify  200  diameters  will  magnify 
215,  and  my  high  power,  which  was 
made  for  me  two  years  since  by 
Messrs.  Powell  and  Lealand,  instead 
of  magnifying  about  1,600  dia- 
meters, increases  the  image  of  the 
object  to  1,800  diameters.  By  in- 
creasing the  length  of  the  tube  of 
the  microscope  between  4  and  6 
inches,  I  obtain  an  amplification 
amounting  to  3,000  diameters,  and 
the  1^  of  an  Enelish  inch  becomes 
3  inches  in  length. 

With  care  in  illumination,  I  have 
been  able  to  see  points  in  an  object 
magnified  with  tnis  power  which  I 
had  failed  to  observe  under  a  power 
of  2,000.  It  seems  to  me  probable 
that  I  may  succeed  in  increasing 
the  power  to  5,000  diameters ;  and 
with  this  object  I  am  trying  difiei-ent 
plans,  the  results  of  which  shall  be 
recorded  shortly.  The  common 
paraffin  lamp  gives  a  very  white  and 
good  light  for  working  with  these 
high  ma<a)ifying  powers.  1  have 
tried  the  lime  light,  but  have  as  yet 
reaped  no  advantages  from  its  use. 

So  far  I  have  certainly  obtained 
better  results  by  increasing  the 
length  of  the  tube  of  the  microscope 
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than  bj  increasing  the  magnifying 
power  of  the  eyepiece,  wluch  ac- 
cords with  the  results  of  some 
experiments  performed  many  years 
ago  by  Dr.  Carpenter.  Of  course, 
the  practical  utiuty  of  increasing  the 
magnifying  power  entirely  depends 
upon  the  character  of  the  specimen. 
Into  the  question  of  preparing  spe- 
cimens I  must  not,  however,  now 
enter,  further  than  to  say  that  my 
specimens  are  immersed  in  the 
strongest  glyceiine  that  can  be 
procured.  I  never  represent  a  struc- 
ture more  highly  magnified  than  is 
necessary  to  bring  out  the  points ; 
but  I  find  that,  with  an  improved 
method  of  preparation,  I  desire 
higher  magnifying -powera;  and  I 
am  quite  certain  that  great  advan- 
tages will  be  reaped  when  powers 
far  higher  than  any  yet  made  or 
thought  of  shall  be  brought  to  bear 
upon  many  structures.  The  ques- 
tion of  preparation  is  scarcely  more 
than  a  mechanical  one,  and  new  and 
more  exact  means  of  preparation 
will  soon  follow  improvements  in 
the  optical  part  of  the  microscope. 

It  shoula  be  stated  that  many 
specimens  of  muscular  fibre,  nerve 
fibres,  nerve  cells,  &c.,  have  been 
prepared,  so  that  they  can  be  mag- 
nified  3,000  diametera,  and  points 
can  be  made  out  (as,  for  exam])le 
what  appeara  a  single  fibre  can  be 
resolved  into  severaJ)  which  cannot 
be  seen,  or,  at  any  rate,  have  not 
been  observed,  by  an  ordinary  mag- 
nifying power. 

The  object-glass  I  have  employed 
is  the  firat  twenty-sixth  made  for 
me  by  Messra.  Powell  and  Lealand, 
which  is  a  most  excellent  working 
glass.  That  it  defines  exceedingly 
well,  and  admits  plenty  of  light,  is 
obvious  from  the  fact  that  it  will 
allow  of  the  tube  being  increased  in 
length.  By  a  working  glass  I  mean 
one  that  can  be  employed  without 
trouble  or  difficulty,  and  does  not 
require  any  elaborate  arrangements 
with  regard  to  illumination,  adjust- 
ment, &c.  In  fact,  I  use  it  without 
even  a  condenser,  employing  only 
the  common  concave  mirror.  There 
is  plenty  of  room  for   focussing. 


although,  of  course,  specially  thin 
glass  or  mica  must  be  employed. 
I  have  made  and  published  many 
drawings  of  tissues  of  the  higher 
animals  magnified  with  this  glass, 
and  it  need  scarcely  be  said,  that  as 
it  can  be  brought  to  bear  upon 
textures  of  this  class  (even  bone 
and  teeth),  thin  sections  of  which 
are  obtained  only  with  great  diffi- 
culty, it  must  be  readily  applicable 
to  other  departments  of  microscopi- 
cal inquiry. 

Lionel  S.  Beale,  F.R.S. 

King's  CoUege,  London. 


Scieniific  Education  and  NaiuraJ- 
History  Science  in  the  Kingdom 
of  Italy, 

Genoa,  Notf,  18, 1863. 

The  state  of  science  and  scientific 
education  in  Italy  at  the  present 
moment,  when  this  country  is  on 
the  point  of  emergence  from  poUtical 
nonentity,  and  is  beginning  to  feel 
that  it  is  one  of  the  great  powers  of 
Europe,  possesses  peculiar  interest^ 
and  may  well  justify  a  few  remarks 
in  an  English  journal  established 
to  record  the  progress  of  science. 

Itself  the  birthplace  of  many  de- 
partments of  human  knowledge,  as 
well  as  of  many  of  those  men  who 
have  been  most  distinguished  in 
science  as  well  as  art,  Italy  still 
contains,  or  has  only  very  recently 
lost,  men  of  European  reputation  in 
Physics,  in  Astronomy,  m  Geology, 
in  Zoology,  and  in  Botany ;  and 
thoueh  some  of  the  most  eminent 
of  those  now  living  have  been 
diverted  from  their  ordinary  pur- 
suits by  the  pressing  claims  of  po- 
litical events,  and  the  absolute 
necessity  that  all  true  men  should 
unite  in  securing  the  one  great  ob- 
ject of  nationality  and  unity,  there 
is  abundant  proof  of  healthy  activity 
which  in  due  season  may  be  expected 
to  yield  great  results. 

The  Universities  of  Italy  have 
gradually  become  lowered  in  general 
reputation,  owing  to  the  extreme 
facihty  affi)rded  to  very  young  men 
to  pass  examinations   and  obtain 
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diplomas.  Each  seat  of  education 
has  outbid  its  fellows  in  this  respect 
tiU  the  result  has  become  very 
serious,  and  a  great  effort  is  now 
being  made  to  raise  the  standard  of 
education  throughout  the  country. 
The  University  of  Pisa,  always 
among  the  most  celebrated,  has 
especially  recommended  itself  to 
observation  for  its  efforts  in  this 
direction.  At  first  the  natural 
result  was  to  frighten  away  so  many 
students  as  to  reduce  the  numbers 
very  greatly ;  but  already  it  is  found 
that  the  aegree  there  conferred  is 
much  more  valuable,  and  that  it  is 
worth  while  to  take  the  additional 
trouble  to  pass.  To  Professor 
Matteucci,  whose  researches  in  elec- 
tricity and  general  phvsics,  are  as 
well  known  in  England  as  in  Italy 
and  France,  much  of  the  credit  of 
this  is  due.  M.  Matteucci  has  now 
left  Pisa,  and  is  established  at  l\irin, 
where  he  has  already  occupied  for 
some  time  the  important  post  of 
Minister  of  Public  Instruction.  It 
is  not  unlikely  that  he  may  again 
be  appointed,  and  it  would  seem 
that  a  more  fit  appointment  could 
not  be  made. 

One  of  the  latest  improvements 
in  Public  Instruction  has  been  the 
foundation  of  a  normal  school  at 
Pisa,  on  the  footing  of  the  upper 
normal  schools  of  France,  but  with 
the  object  of  securing  a  really  well- 
informed  class  of  schoolmasters  for 
the  education  of  all  classes  through- 
out Italy.  Of  this  establishment, 
Professor  YiUari,  the  able  author  of 
the  '  Life  of  Savaronola,'  recently 
translated  into  English  by  Mr.  L. 
Horner,  is  the  director,  and  he  is 
assisted  by  an  excellent  staff  of  pro- 
fessors in  all  departments.  During 
the  last  academical  year,  the  number 
of  students  was  only  about  20,  but 
the  entries  for  the  year  now  com- 
mencing (November,  1863)  are 
already  much  more  numerous. 
Several  of  the  students  have  passed 
their  University  examinations  with 
honour,  and  are  admitted  to  the 
normal  school  at  the  public  expense. 
Others  pay  a  sum  of  80  francs 
(3/«  4«.)  per  month    during  their 


residence.  All  reside  in  the  build- 
ing, and  dine  together  as  in  an 
English  college.  The  system  adopted 
partakes  both  of  the  professorial 
system  as  cai*ried  out  in  Germany, 
and  of  the  tutorial  system  common 
at  Oxford  and  Cambridge. 

The  public  museums  both  at  Pisa 
and  Florence,  are  admirable.  Both 
are  particularly  rich  in  wax  prepara- 
tions, iUustrative  of  Comparative 
Anatomy  and  Botany.  The  former 
is  also  rich  in  geological  specimens. 
The  various  minerals  and  rocks  of 
Tuscany,  and  the  fossils  of  the 
Valley  of  the  Amo  are  especially 
interesting,  not  only  to  the  general 
traveller,  but  to  the  technical  geolo- 
gist ;  for  Italy  is  beyond  all  other 
countries  in  Europe  that  one  in 
which  the  phenomena  of  metamor- 
phism  can  best  be  studied.  The 
neighbourhood  of  Pisa,  with  the 
country  a  little  to  the  south  towards 
VolteiTa,  affords  indeed  the  best 
key  to  the  very  difficult  and  com- 
plicated changes  that  have  affected 
rocks  of  almost  all  kinds  within 
periods  of  very  various  duration. 
In  this  part  of  the  world,  mineral 
character  is  no  guide  to  the  age  of 
rocks,  and  fossils,  though  they  exist 
and  have  proved  extremely  valuable 
in  skilful  hands,  are  so  exceedingly 
rare  and  imperfect,  that  no  traveUer 
however  acute,  who  trusted  to  his 
own  observation,  could  hope  to  do 
much  with  them  in  a  rapid  journey. 
The  labours  of  Professor  Paolo  Savi 
andProfessorMeneghini  have  greatly 
tended  to  simpHfy  and  explain  the 
matter,  and  assisted  by  the  memoir 
and  very  admirable  maps  just  pre- 
pared for  publication  by  Professor 
Savi,  no  one  need  now  waste  his 
time.  The  memoir  in  question  is, 
however,  published  in  a  volume  on 
the  general  statistics  of  the  district, 
and  is  not  altogether  accessible. 

It  is  not  generally  known  that 
this  small  comer  of  Italy  around 
Pisa  contains  a  tolerably  complete 
series  of  formations.  There  are 
old  palseozic  schists  greatly  altered, 
but  recognizable,  overlaid  by  car- 
boniferous rocks,  in  which  anthra- 
cite represents  the  ooaL   Over  these 
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altered  rocka  is  a  good  representa- 
tioD  of  the  trias,  and  the  lower  liaa 
ia  seen  in  those  wonderful  beds  of 
statuary  and  other  marble  that  are 
so  well  known  and  highly  esteemed. 
Above  these,  are  Jurassic  rocks,  and 
above  these  again  neacomian  sand- 
stones, while  the  chalk  is  seen  in 
the  Alberesey  a  peculiar  limestone 
sometimes  approaching  marble  in 
colour,  but  not  saccharoidal.  Ter- 
tiaries  of  all  ages  abound  in  Tuscany, 
from  the  lowest  nummulitic  rocks 
to  the  most  recent  gravels. 

Tuscany  abounds  also  in  metals. 
With  EIImi  close  at  hand,  it  may  be 
supposed  that  there  is  no  lack  of 
iron.  Copper  ore,  the  purest  and 
most  valuable  known,  is  found  at 
Monte  Catini,  and  in  one  or  two 
other  spots.  At  Monte  Catini,  the 
results  have  for  the  last  20  years 
proved  as  profitable  as  the  deposit 
IS  remarkable.  The  copper  ore  is 
found  in  kidney-shaped  lumps  of 
sulphide  of  copper,  mixed  irregularly 
in  a  paste  of  soft,  moist  serpen  tinous 
material.  The  pockets  containing 
the  ore  are  sometimes  large,  but  in 
the  highest  degree  irregular.  The 
lode  is  a  kind  of  vein  in  the  altered 
volcanic  rock  of  Tuscany,  called 
gabro  rosso,  a  singular  mass  of  an- 
gular and  rounded  material.  Mag- 
nesia has  played  a  very  important 
part  in  all  the  changes  and  modifi- 
cations that  have  taken  place  in  it. 
To  the  presence  of  magnesia  is  due, 
among  other  things,  the  beautiful 
green  marble  called  serpentine,  of 
which  there  are  so  many  varieties 
in  Tuscany ;  and  although  the  ser- 
pentine rock  of  the  Lizard  in  Corn- 
wall is  of  very  different  appearance 
and  hardness,  the  presence  of  the 
same  mineral  causes  the  peculiari- 
ties of  both. 

Lead  ore  also  is  found  in  Tuscany, 
and  deposits  of  some  importance 
are  worked  in  various  places.  The 
lead  contains  silver.  Other  metals 
(mercury  among  the  number)  are 
not  wanting,  und  there  seems  a  pro- 
spect of  the  metalliferous  deposits 
of  Italv  soon  becoming  even  more 
worked  than  in  the  days  of  ancient 
Rome,  when  its  produce  exceeded 


that  of  any  country  known  at  that 
time. 

But  the  working  of  the  marble 
quarries  must  always  be  one  of  the 
most  important  departments  of  mi- 
neral industry  in  northern  Italv. 
No  one  who  has  not  visited  Italy 
can  imagine  the  vast  development 
of  this  industry.  In  Genoa — the 
city  of  palaces —rightly  called  the 
superb,  marble  of  the  most  beau- 
tiful kind  and  excellent  quaUty, 
of  endless  variety  in  colour  and 
texture,  is  almost  the  only  mate- 
rial used  for  construction.  Mar- 
ble staircases,  marble  balustrades, 
marble  pediments,  and  marble 
floors  are  seen  in  every  hotel,  and 
even  in  every  private  house.  The 
churches  are  marble  inside  and  out, 
the  public  buildings  are  of  the  same 
material.  In  the  streets,  on  the 
piers,  and  above  aU,  in  the  Ckanpo 
Santo  or  Cemetery,  wherever  we 
may  go,  the  marble  is  displayed  in 
abundance.  The  same,  to  some 
extent,  is  the  case  at  Milan,  at  Pisa, 
and  in  most  of  the  other  cities 
remarkable  for  architectural  beauty 
or  interesting  in  history.  The 
geologist  in  such  a  country,  and 
under  such  circumstances,  is  sure 
to  find  abundant  matter  for  inquiry. 
The  marvellous  abimdance  of  marble 
is  the  result  of  change  or  metamor- 
phic  action  on  various  beds  of  lime- 
stone. These  changes  have  origi- 
nated in  the  volcanic  and  other 
igneous  causes  traceable  everywhere 
in  this  part  of  the  world.  Active 
volcanoes,  in  the  south  extinct,  but 
perfect  volcanic  craters  in  the  centre, 
and  occasional  earthquakes  in  the 
north  of  Italy,  are  or  were  the  cause 
of  the  eruptions  of  sulphurous  and 
other  gases,  and  of  hot  aqueous  va- 
pours loaded  with  mineral  matter. 
These  are  common  almost  every- 
where, and  it  is  these  that  have  con- 
verted the  limestones  into  marble, 
the  clays  into  shales,  and  the  sanda 
into  quartzite.  Whether  we  take  the 
veined  and  coloured  marbles  where 
the  impurities  or  foreign  ingredients 
still  remain,  or  the  true  white  and 
statuary  marble  where  the  foreign 
substances  only  occupy  small  vein- 
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icles,  or  madri  macchei,  as  they  are 
here  called,  the  general  history  is 
the  same,  and  metamorphosis  is  the 
only  cause  to  which  we  can  reason- 
ably refer. 

In  other  departments  of  natural 
history,  Italy— especially  in  the 
northern  and  central  provinces — is 
not  only  rich,  but  is  well  represented 
in  the  principal  museums.  It  is 
chiefly,  however,  in  the  preparations 
illustrating  the  comparative  anatomy 
and  physiology,  both  of  animals  and 
vegetables,  that  the  extraordinary 
accuracy,  ingenuity,  and  patience  of 
the  Italians  can  be  best  appreciated* 
These  are  trulv  wonderful,  and  they 
are  quite  without  rival  in  Europe. 
Highly  magnified  representations  of 
the  development  of  a  plant  from  the 
seed,  a  winged  insect  from  the  grub, 
or  a  chicken  from  the  egg,  are  not 
unknown  elsewhere,  but  at  Florence 
and  Fisa  there  is  a  profusion  of 
illustrations  truly  marvellous. 

However  we  may  consider  the 
question,  we  shall  find  that  the 
recent  political  changes  in  this  part 
of  the  world  are  already  bearing 
abundant  fruit,  in  the  liberation  of 
the  human  intellect  from  the  slavery 
that  had  so  long  weighed  upon  it. 
To  say  that  there  are  great  differ- 
ences of  opinion,  and  that  many 
persons  even  regret  the  old  regime, 
18  only  to  say  in  another  way  that 
the  country  is  free.  Evervone  may 
and  does  safely  and  loudly  express 
his  own  view  of  the  government, 
and  all  proposed  changes  are  freely 
discussed.  It  does  not  follow  that 
the  best  measures  are  at  once 
adopted,  but  this  healthy  and  free 
discussion  will  certainly  ensure  the 
greatest  ultimate  good,  while  educa^ 
tion  and  science  in  all  depai't- 
ments  will  not  fail  in  securing 
their  due  share  of  attention  when 
the  excitement  of  politics  has  a 
little  calmed  down.  The  acuteness 
of  Italian  intellect,  and  the  elegance 
equally  characteristic  of  this  people, 
have  still  a  great  part  to  perform  in 
the  history  of  science. 

D.  T.  Ansted,  F.R.S. 


VOL.  I. 


DakoTney :  its  People  and  Customs, 

Whtdah,  Sept.  2, 1863. 

Here  I  am,  on  my  return  from  Kana, 
where  I  was  received  by  the  King 
of  Dahomey  during  the  celebration 
of  the  "  little  customs  ;'*  and  I  will 
now  send  you  some  information  con- 
cerning this  country. 

Whydah,  or  Ajudah,  is  the  port 
of  the  kingdom,  tnoush  about  two 
miles  distent  from  Uie  coast.  It 
has  8,000  or  *10,000  inhabitants, 
governed  by  a  "  yanogan,"  who  is, 
in  his  turn,  ruled  over  by  one  of 
the  princes  of  Dahomey.  The  in- 
habitants are  robust,  well  formed^ 
I  might  almost  say  handsome — with 
the  exception  of  the  head,  which 
wants  intelligence:  that  superior 
mark  which  the  Creator  appears  to 
have  denied  to  the  Negro  race. 
There  is,  however,  a  wide  difference 
between  the  morals  of  this  peof>le 
and  those  further  to  the  south. 
Nothing  is  to  be  seen  here  calcu- 
lated to  shock  the  eyes  of  a  civiUzed 
man,  nor  anything  objectionable  to 
his  ordinary  habits.  Nay,  I  can 
say  more ;  there  is  positively  in  the 
Dahomeyans  a  sense  of  personal 
dignity.  Unfortunately,  one  en- 
counters at  every  step  traces  of  that 
Fetischism  which  arrests  all  pro- 
gress, and  transforms  a  man  natur- 
ally gentle  into  a  brute  beast.  The 
principal  deities  worshipped  by  this 
people  are— Lightning,  or  Fire  of 
Heaven ;  the  Boa,  or  Python ;  the 
Lion,  the  Tieer,  and  the  Vampires. 

I  visited  the  Temple  of  Serpents 
in  this  town,  where  thirty  of  these 
monstrous  deities  were  asleep  in 
various  attitudes.  Each  day,  at 
sunset,  a  priest  brings  them  a  cer- 
tain number  of  sheep,  goats,  fowls, 
&c.,  which  are  slaughtered  in  the 
temple,  and  then  divided  amongst 
the  "gods."  Subsequently,  during 
the  nii^ht,  they  spread  themselves 
about  the  town,  entering  the  houses 
in  various  quarters  in  search  of 
further  offerings.  It  is  forbidden, 
under  penalty  of  death,  to  kill, 
wound,  or  even  to  strike  one  of 
these  sacred  serpents,  Or  any  other 
of  the  same  species ;  and  only  the 
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priests  possess  the  privilege  of 
taking  hold  of  them,  for  the  purpose 
of  reinstating  them  in  the  temple 
should  they  be  found  elsewhere. 

When  a  house  is  struck  by  light- 
ning, the  master  is  obliged  to  pay 
a  heavy  tribute  to  the  priests  of  the 
**  Fire  of  Heaven  ;'*  for  such  an  event 
is  always  regarded  as  the  denun- 
ciation of  a  great  culprit.  Should 
a  man  be  struck  by  tightnine,  his 
body  is  cut  in  pieces,  and  sold  by 
the  priests  to  the  •populace,  who 
devour  this  roasted  neshi  The 
dwelling  of  the  dead  man  is  then 
pillaged  and  razed  to  the  ground ; 
and  the  Fetisch  worshippers  im- 
molate victims  on  its  site,  in  order 
to  appease  the  anger  of  the  *'  Fire  of 
Heaven." 

The  Vampires  may  be  found  on 
trees  in  the  vicinity  of  the  Temple 
of  Serpents ;  there  they  are  collected 
by  miUions,  and  after  sunset  they 
disperse  through  the  gardens  and 
over  the  surrounding  country. 
,  On  leaving  Whydah  for  the  inte- 
rior, the  traveller  at  once  observes 
that  the  land  rises  gradually  through 
a  succession  of  upheaved  plateaux 
or  downs,  which  run  parallel  to  the 
sea  from  east  to  west,  the  surface 
soil  being  to  a  great  extent  inter- 
mixed with  smaU  rolled  flints. 

The  utmost  elevation  which  I 
found  between  Whydah  and  Eana 
was  500  English  feet,  and  that  was 
at  a  village  called  Havy  (?  Havee), 
about  halfway  between  the  two 
towns.  Although  Kana  is  lower 
than  this  pointy  it  is  quite  apparent 
that  further  towards  the  north  the 
land  again  rises  to  such  a  degree, 
that  the  capital,  Abomey,  situated 
ten  miles  north-east  of  nana,  must 
be  elevated  to  about  the  same 
height  as  Havy.  From  the  infor- 
mation that  I  have  obtained  in 
various  quarters  concerning  the  in- 
tenor,  there  must  be  a  range  of 
mountains  about  three  days'  journey 
north  of  Abomey.  However,  this 
is  a  question  on  which  I  hope 
shortly  to  have  ocular  evidence. 


The  Kins  received  me  cordially ; 
but,  in  order  to  reach  the  palace, 
I  had  to  pass  several  scaffolds,  bear- 
ing the  corpses  of  victims  who  had 
been  immolated  on  the  previous 
evening.  Some  were  suspended 
by  the  feet,  others  were  upright. 
During  twenty  days  these  horrible 
spectacles  were  renewd,  with  a  few 
decapitations  in  the  interval. 

Consul  Burton  was  more  fortunate 
than  I,  for  he  only  arrived  at  Eana 
two  or  three  days  before  the  King 
departed  for  the  war,  and  after  the 
conclusion  of  the  sacrifices.  It  is 
a  difficult  matter  to  predict  what 
Europe  may  gain  from  this  king  and 
his  advisers.  I  believe,  however, 
that  if  the  abolition  of  the  8lave«> 
trade  be  conceded  (the  very  seat 
and  centre  of  which  is  at  this  place 
— Whydah),  there  is  a  happier  future 
in  store  for  this  land. 

It  is  with  the  view  to  obtain  this 
concession  that  I  am  on  the  eve  of 
my  departure  with  your  brave  Com- 
modore Willmot,  and  we  shall  soon 
have  a  definite  reply.  If  it  bo 
favourable,  my  journev  of  explora- 
tion will  be  suspended;  otherwise, 
I  shall  at  once  proceed  northward. 
The  concession  of  the  aboUtion  of 
the  slave-trade  in  the  kingdom  of 
Dahomey  is  the  more  to  be  desired, 
inasmuch  as  it  would  put  a  stop 
to  the  depopulation  of  a  country  of 
undoubted  fertihty  and  natural 
wealth,  and  which  is  eminently 
adapted  for  the  cultivation  of 
cotton. 

If  the  King  grants  the  abolition, 
he  would  be  all  the  more  ready  to 
encourage  the  growth  of  that  staple, 
in  order  to  give  employment  to  his 
people,  wha  would  then  no  longer 
be  compelled  to  engage  in  war  for 
the  purpose  of  making  prisoners,  to 
be  sold  as  slaves. 

This  is  a  succinct  account  of  my 
hasty  impressions  of  Dahomey ; 
receive  it  as  such  as  I  am  able  to 
communicate. 

Jules  Gerard. 
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THE  GOLD  MEDALLISTS  OF  THE  SCIENCE  AND  ART  DEPART- 
MENT  OF  THE  COMMITTEE  OF  COUNCIL  ON  EDUCATION. 

It  affords  us  great  pleasure  to  give  publicity  to  the  names  of  those 
Students  who  succeeded  in  obtaining  Gold  Medals  in  Science  at  the 
Examination  held  by  the  above  Department  of  the  State  last  May  in 
London  and  the  provinces. 

Group  I,  Geometry^  Mechanical  Drawing^  and  Building  Oanstmction. 


Na 


Mowdftn,  waUam  T, 


Age. 


23 


Sdiool  or  Beridcno*. 


Trade  School,  BrUtol, 


OocQpatidBa 


NaoMof 


Selenee  Ttoicker.       \  Sotf-taughi, 


DoRurr,  J06ECA 


Gboup.  II.  Theoretical  and  Applied  Mechanics, 
No  Gold  Medal  awarded. 

Group  III.  Experimental  Physics, 


86 


180,  Agnes-stxvet, 
Belfiwt. 


I 


NationAl  TMcber.     |  EanUaj,  F. 


Group  IV.  Chemistry  Inorganic  and  Organic. 


QOOQAX,  RlCHABO 
O^LUTAH,  0ORNEX.n7a 


21 
21 


North  Main-street^ 

Bandun. 
South  MaiD-Btreet, 

BaoduD. 


Geol<^t. 
OeologiBt. 


tmd 


Hoftnaim,  Dr.^ 

Dowling,  J. 
Huftnann,  Dr.,  and 

Dowling,  J. 


Note. — Mr.  O'SuIlivan  was  very  nearly  equal  to  Mr.  Googan,  and  having 
taken  the  Silver  Medal  last  year  he  could  not  receive  it  again.  He  has  therefore, 
uader  the  exceptional  circumtsances,  been  awarded  a  Special  Prize  of  Books  of 
the  value  of  3/. 

Group  V.  Qeology  and  Mineralogy, 
No  Gold  Medal  awarded. 


Group  VI.  Animal  Fhysidogy  and  Zoology, 


Witaovt  Oaoias 


ri 


12,  Stanlej'ftreet, 
Fimlioo,  London. 


Student  of  Sdence,   I  Self-taogbt 


Group  VII.  Vegetable  Physiology  and  Systematic  Botany, 

WiLSOir,  QiOBOB  I  23    1 12,  Stanley-street,        i  Student  of  Science.   I  Self-Ungfat. 

I  I     PIniiloo,  London,       |  | 

Group  VIII.  Mining  and  Metallurgy, 
No  Gold  Medal  awarded. 

The  first-named  of  these  Students  (Mr.  Howden)  received  only  a  Gerti- 
fioate,  as  he  does  not  belong  to  the  Classes  entitled  to  reoeive  Medals.  The 
following  is  the  Government  Regulation  concerning  the  Medals  generallv : 
— *'  The  Queen's  Medals  which  are  offered  for  competition  throughout  the 
United  Kingdom  at  the  General  Examination  of  Science  Schools  and 
Classes  held  each  year  in  May  oonsist  of  one  Gold  Medal  for  each  group  of 
subjects,  and  one  Silver  and  two  Bronze  for  each  subject.  All  persons 
wherever  tauffht  may  compete,  the  onlv  restriction  being  that  the  Medals 
cannot  be  taien  by  Middle  Class  Students  who  are  more  than  seventeen 
years  of  age.  Middle  Class  Students  above  seventeen  years  of  age  who 
would  otherwise  have  taken  the  Medal  receive  an  Honorary  Certificate 
instead.** 
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Booits  xtttOst'b  for  i&ebieto. 


From  Mettrt.  Slaektoood  dc  Sons : — 

Phtbical  Geographt  (Introductory  Text -Book  of).  By  David  Page, 
FJK.S.E.,  F.G.S.,  &c.    193  pp.    1863. 

From  Mestra.  John  CkurchiU  &  Son* : — 

QuAUTATiyE  Chemical  Analysis  (A  System  of  Instraction  in).  By  Dr.  C.  B. 
Fresenius,  Professor  of  Chemistry,  Wiesbaden.  Edited  by  J.  Lloyd 
Bullock,  F.C.S.  6th  English  Edition.  360  pp.  Coloured  Plate  of  Spec- 
trum Analysis.    1863. 

Tones  OF  THE  Day  ( Medical,  Social,  and  Scientific).  By  James  Ansley 
Hingeston,  M.B.C.S.,  L.SJL    400  pp.    1863. 

From  Messrs.  Longman  &  Co, : — 

Manual  of  the  Metalloids.  By  James  Apjohn,  M.D.,  F.B.S.,  M.R.I.A., 
Professor  of  Chemistry  in  the  University  of  Dublm.  600  pp.  1863.  (One 
of  Galbraith  &  Haughton's  Scientific  Manuals.) 

From  Mr,  LoveU  Reeve : — 

DicrnoNART  of  Natural  Hibtort  Terms  with  their  Derivations  :  including 
the  various  Orders,  Genera,  and  Species.  By  David  H.  McNicoU,  M.D., 
M.B.C.P.    590  pp.     1863. 

From  Mr,  Van  Voorst : — 

Flora  of  Marlborough,  with  notices  of  the  Birds,  and  a  sketch  of  the 
Geological  Features  of  the  Neighbourhood,  with  a  Map.    153  pp. 

Flora  of  Surrey  ;  or,  a  Catalogue  of  the  Flowering  Plants  and  Ferns  found 
in  the  County,  with  the  Localities  of  the  Rarer  Species.  From  the 
Manuscripts  of  the  late  J.  D.  Salmon,  F.L.S.,  and  from  otber  souroes. 
Compiled  for  the  Holmesdale  Natural  History  Ciub^  Beigate.  By  James 
Alexander  Brewer.    891  pp. 

The  First  Principles  of  Natural  Philosophy.  ^  William  Thynne  Lynn. 
B.A.  Lend.,  F.B.A.S.,  of  the  Boyal  Observatory,  Greenwich.     100  pp. 

From  the  Editor: — 

The  Ibis.  A  Magazine  of  General  Ornithology.  Edited  by  P.  L.  Sclater, 
M.A.,  Ph.D.,  F.R.S..  Sec.  Z.8.,  F.L.S..  &c.,  &c.  Vol.  IV.  1862.  392  pp., 
with  13  coloured  Lithographs.    (N.  Triibner  &  Co.) 

From  the  Authors : — 

Ophthalmoscopic  Surgery  ("A  Manual  of),  being  a  Practical  Treatise  on  the 
Use  of  the  Ophthalmoscope,  &c.  By  Jabez  Hogg,  F.L.S.  &c.,  &c.  3rd 
edition.  Numerous  Chromo-lithographs.  296  pp.  (J.  Churohill&  Sons.) 
1863. 

Heat  in  rre  Relations  to  Water  and  Steam.  By  Charles  Wye  Williams, 
A.I.C.E.     2nd  edition.    220  pp.     (Longman  &  Co.)    1861. 

Observational  Aotronomy,  and  Guide  to  the  Use  of  the  Telescope.  By  a 
Clergyman.    Edited  by  J.  T.  Slugg.    96  pp.     (Sinipkin  A  Co.)    1862. 

The  Stars  and  the  TELESoora.    By  J.  T.  Slugg.    (Simpkin  &  Co.)    1862. 
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THE  MAMMALS  OF  MADAGASCAR. 

By  P.  L.  ScLATEB,  M.A.,  Ph.D.,  F.E.S.,  Secretaiy  of  the  Zoological 

Society  of  London. 

Obganio  beings  are  not  scattered  broadcast  over  the  earth's  snrfiEuse 
without  regularity  or  arrangement,  as  the  casual  observer  might  sup- 
pose, nor  are  they  distributed  according  to  the  variations  of  climate 
or  of  any  other  physical  external  agent,  although  the  latter  have,  un- 
questionably, much  influence  in  modifying  their  forms.  But  each 
species  (or  assemblage  of  similar  individuflds),  whether  of  the  animal 
or  vegetable  kingdom,  is  found  to  occupy  a  certain  definite  and  con- 
tinuous geographical  area  on  the  earth.  In  like  manner,  each  genus, 
or  assemblage  of  species,  each  family,  or  assemblage  of  genera,  and 
each  order,  or  assemblage  of  families,  may  be  said  to  be  subject  to 
similar  laws,  as  regards  its  geographical  distribution, — although,  as 
might  have  been  supposed,  the  areas  occupied  by  the  higher  groups 
are  usually  larger,  and  in  some  cases  co-extensive  with  the  earth's 
surface. 

It  thus  happens  that  the  various  parts  of  the  world  are  charac- 
terized by  possessing  special  groups  of  animals  and  vegetables,  and 
that,  as  a  general  rule,  such  tracts  of  land  as  are  most  nearly  con- 
tiguous have  their  FaunaB  and  Florte  most  nearly  resembling  one 
another ;  whUe,  vice  versa,  those  that  are  farthest  asunder  are  inhabited 
by  most  different  forms  of  animal  and  vegetable  life.  When  any 
exception  to  this  rule  occurs,  and  two  adjacent  lands  possess  dis- 
similar forms,  or  two  regions  far  apart  exhibit  similar  forms,  it  is  the 
task  of  the  student  of  geographical  distribution  to  give  some  reason 
why  this  has  come  about,  and  so  to  make  the  "  exception  prove  the 
rule." 

In  the  present  paper  I  propose  to  devote  a  short  space  to  the 
examination  of  one  of  the  best  known  and  strangest  of  these  anomalies 
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in  geographical  distribution — ^namely,  that  presented  to  us  by  the 
Fauna  of  the  Island  of  Madagascar.  Madagascar  being  immediately 
contiguous  to  the  eastern  coast  of  Africa,  and  separated  from  it  by  a 
channel  in  one  place  only  some  200  miles  across,  in  which,  moreover, 
there  are  several  intermediate  islands,  while  it  is  very  far  removed 
from  India  and  America,  ought,  according  to  generally-received  rules, 
to  exhibit  a  Fauna  of  a  purely  African  type.  But  this,  as  is  well 
known  to  naturalists,  is  not  the  case.  The  numerous  Mammals  of  the 
orders  Buminantia,  Pachydermata,  and  Froboscidea,  so  characteristic 
of  the  ulithiopian  Fauna,  are  entirely  absent  from  Madagascar.  The 
same  is  the  case  with  the  larger  species  of  Camivora,  which  are  found 
throughout  the  African  continent,  but  do  not  extend  into  Madagascar. 
Again,  the  highly-organized  types  of  Quadrumana,  which  prevail  in 
the  forests  of  the  mainland,  are  utterly  wanting  in  the  neighbouring 
island,  their  place  being  there  occupied  by  several  genera  of  the  inferior 
family  of  Lemurs.  In  the  like  manner,  I  shall  be  able  to  show  that 
similar  irr^ularities  prevail  to  a  greater  or  lesser  extent  in  every  other 
part  of  the  series  of  Mammals,  and  that,  in  short,  the  anomalies  pre- 
sented to  us  by  the  forms  of  life  prevalent  in  this  island  are  so  striking, 
that  claims  have  been  put  forward  in  its  favour  to  be  considered  as  a 
distinct  primary  geographical  region  of  the  earth.* 

But  let  us  take  the  Orders  of  Mammalia  as  they  are  generally 
recognized,  one  by  one,  in  order  that  we  may  examine  more  carefully 
the  affinities  of  each  genus  of  them  included  in  the  list  of  Madagascarian 
Mammals.  To  do  this,  it  will  be  most  convenient  to  refer  to  the  cata- 
logue of  the  Vertebrates  of  Madagascar  lately  published  by  M.  Fran9ois 
Pollen,  in  the  *  Nederlandsch  Tijdschriffc  voor  de  Dierkunde ; '  j  this 
being  the  only  general  article  bearing  upon  the  subject  that  has  yet 
appeared.  M.  Pollen's  list  is  a  compilation  for  his  own  use,  as 
being  about  to  visit  Madagascar,  of  what  has  been  recorded  by  previous 
authorities  on  the  subject.  Amongst  such  authorities,  the  most  im- 
portant, as  regards  Mammals,  is  certainly  an  article  by  M.  Victor 
Sganzin,  in  the  third  volume  of  the  *  Memoirs  of  the  Society  of  the 
Museum  of  Natural  History  of  Strasburg.'  M.  Sganzin  was  the  com- 
mandant of  the  French  settlement  of  Sainte-Marie,  on  the  north-east 
coast  of  Madagascar,  in  1831  and  1832,  and  obtained  on  that  island 
and  on  the  adjoining  coast  of  Madagascar  proofs  of  the  existence  of 
about  a  hundred  Vertebrate  animals,  concerning  which  he  gives  us 
notes,  without,  however,  in  many  cases,  any  precise  determination  of  the 
species.     Long  before  his  time,  it  is  true,  De  Flacourt  and  Sonnerat 

*  The  most  natural  primary  diviBions  of  the  earth  as  regards  Zoology  are,  as 
has  been  shown  in  the  *  Journal  of  Proceedings  of  the  Linnean  Society'  (Zoology), 
ii.  p.  130,  and  elsewhere,  (1)  The  Neotropical  region,  comprising  South  America, 
Mexico,  and  the  West  Indies;  (2)  The  Nearcbic,  including  the  rest  of  America ; 
(3)  The  Palseardic^  composed  of  Europe,  Africa  north  of  the  Sahara,  and 
Northern  Asia ;  (4)  The  jEthiopian,  which  contains  the  rest  of  Africa,  Arahia, 
and  Madagascar ;  (5)  The  Indian,  consisting  of  Southern  Asia  and  the  western 
half  of  the  Malay  Archipelago;  and  (6)  The  Australian,  which  comprises  the 
eastern  portion  of  the  Malay  Archipelago,  Australia,  and  the  Pacific  Islands. 

t  *  Nederlandsch  Tijdschrift  voor  de  Dierkunde,*  Amsterdam,  1863,  vol.  i. 
p.  277. 
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had  published  narratives  of  their  voyages  to  Madagascar,  and  the 
latter  had  made  known  to  science  several  of  the  most  remarkable  types 
of  the  island  f  but  neither  of  these  explorers  has  ftimished  any  general 
indications  as  to  the  character  of  its  Mammalian  Fauna.  In  1833, 
three  French  naturalists  —  Bemier,  Goudot,  and  Bonssean — visited 
Madagascar,  and  it  is  to  the  labours  of  these  energetic  collectors  on  the 
eastern  coast,  and  to  those  of  Dr.  W.  Peters,  of  Berlin,  on  the  western 
coast,  that  science  is  chiefly  indebted  for  the  progress  that  has  lately 
been  made  towards  the  compilation  of  a  list  of  the  Mammals  of  this 
island,  which,  however,  as  fkr  as  our  present  knowledge  extends,  only 
embraces  some  49  species — ^namely,  Quadrumana  28,  Gamivora  5, 
Chiroptera  5,  Bodentia  1,  Insectivora  9,  Pachydermata  1. 

To  begin  then  with  the  order  Quadrmnana,  the  most  remarkable  and 
most  characteristic  type  of  Madagascarian  Mammals  here  presents  itself 
at  once  at  the  head  of  the  list.  The  Lemurs  are  universally  recog- 
nized among  naturalists  as  forming  a  separate  and  distinct  group  of 
Quadrumanous  Mammals.  And  of  the  Lemurs  nearly  thirty  different 
species,  embracing  eight  generic  forms,  are  found  in  Madagascar, 
whilst  all  AMca  only  contains  some  eleven  or  twelve  species  of  these 
animals,  and  the  Indian  region  not  more  than  three.  This  will  be 
better  seen  by  the  subjoin^  table,  in  which  the  distribution  of  the 
genera  of  the  fetmily  of  Lemurs  and  the  approximate  number  of  the 
known  species  of  each  genus  are  given — 

Toible  of  ike  IHetribuUon  of  the  Lemurid€B. 


Sab-family. 

AnuoA. 

Madaoascah. 

Asia. 

f 

1.  Indris  (2)  t 

IndrifiinflB    . 

2.  Propithecnfl  (1) 
8.  Avahis  (1) 

4.  Lemur  (16) 

5.  Hapalemiir  (2) 

6.  Lepilemur  (1) 

Lemnrinffi  I 

8.  PerodicticiiB  (2) 

7.  Ohirogaleus  (2) 

9.  Nyoticebus  (2) 
10.  LoriB  (1) 

Gkilaginie    | 

12.  Galago  (9) 

11.  Microoebus  (2) 

Tarsiins 

13.  TarsiuB  (1) 

Moreover,  as  the  whole  number  of  Mammals  at  present  known  to 
exist  in  Madagascar  does  not  amount  to  fifty,  we  have  this  veiy  remark- 


*  De  Flacourt's  '  Histoire  de  la  Grande  lie  de  Madagascar/  and  Sonnerat's 
*  Toya^e  aux  Indes  Orientales.' 

t  Jn.B. — ^The  numbers  in  figures  placed  after  the  generic  names  in  the  table 
give  the  (in  some  cases  approximate)  number  of  species  of  the  genus.  Until  very 
recently  but  one  species  of  Indrit  was  known  to  science ;  but  M.  Vinson  has  lately 
^scovered,  and  described  in  the  '  Annales  dee  Sciences  Natnrelles'  (Zool.  xix. 
p.  253),  a  second  from  the  forest  of  Alanamazoatrao — which  he  has  proposed  to 
eall  Indris  aXbua, 
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able  fact — quite  unparalleled,  as  far  as  is  hitherto  known,  in  any  other 
Fauna — that  nearly  two-thirds  of  the  whole  number  of  known  species 
of  the  Mammals  of  this  island  are  members  of  one  peculiar  group  of 
Quadrumana. 

Again,  when  we  come  to  examine  the  LemuridcB  of  Madagascar,  and 
to  compare  them  with  their  brethren  in  Africa  and  India,  we  find  that 
they  present  us  with  no  less  than  eight  different  generic  types — all 
distinct  from  those  found  in  the  two  latter  countries. 

The  genera  Indris,  Propithecus,  and  Avahia  constitute  a  section  of 
LemuridcB  per  se,  easily  distinguished  from  the  rest  of  the  family  by 
having  only  five  molar  teeth  on  each  side  of  the  jaw,  and  only  two  (in- 
stead of  four)  inferior  incisors.  No  genus  with  this  form  of  dentition  is 
found  either  in  Africa  or  Asia.  The  true  LemurinoB  are  also  most  fully 
developed  in  Madagascar,  the  typical  genus  Lemur  being  numerous  in 
species,  and,  as  is  stated  by  travellers,  likewise  in  individuals.  In  Africa 
this  sub-family  is  represented  by  the  abnormal  form  Perodicticua — a 
recently-discovered  second  species  of  which  is  likewise  considered  by 
Dr.  Gray*  as  entitled  to  generic  rank.  In  India  two  allied  genera  of 
LemurinsB  are  found — Nydicehus  and  Ijoris — likewise  difficult  to  con- 
nect satisfactorily  with  the  more  typical  members  of  the  group,  but 
presenting  many  indications  of  alliance  to  Perodidicus, 

The  third  sub-family  of  the  Lemuridae  is  essentialiy  African— con- 
sisting of  the  genus  Gatago,  with  eight  or  nine  species  dispersed  over 
various  parts  of  that  continent,  while  Microc^bus,  with  two  or  three 
imperfectly-known  species,  takes  its  place  in  Madagascar. 

The  next  form  we  meet  with  as  we  descend  the  series  of  Madagascar 
Mammals,  is  the  celebrated  Aye-aye  {Ghiromya  MadagascarieTisis),  an 
animal  so  anomalous  in  its  structure,  that  although  it  has  been  now 
conclusively  proved  that  its  nearest  allies  are  amongst  the  Lemurs,f 
even  the  illustrious  Cuvier  referred  it  to  the  widely-distant  order  of 
Eodents.  The  Aye-aye  is  pronounced  by  Professor  Owen  to  be  more 
nearly  allied  to  some  of  the  African  Galagos  than  to  any  other  living 
form.  It  may  be,  however,  remarked  that  the  Tarsier  of  the  Indian 
Archipelago  {Tarsius  spectrum)  presents  certain  points  in  its  structure 
which  likewise  show  a  remote  afi&nify  to  this  extraordinary  type. 

The  second  order  of  Mammals — the  Bats  or  Chiroptera,  have,  as 
far  as  our  present  knowledge  goes,  only  five  representatives  in  Ma- 
dagascar. Two  of  these  belong  to  the  Frugivorous  fSamily  PteropodidoB 
— and  curiously  enough  to  the  Indian,  not  to  the  African  section  of  the 
group.  One  of  them  indeed  (P.  Edwardsii)  is  so  clearly  allied  to  the 
common  PL  medius  of  continental  India,  as  to  have  been  very  con- 
stantly confounded  with  it.  f 

The  three  known  species  oi  insectivorous  Bats  of  Madagascar 
{Bhinolophua  Commersonii,  Vespertilio  Madagascariensis  and  Emballonura 

*  See  Dr.  Gra/s  'Bevision  of  the  Species  of  Lemurian  Animals.'  Proc. 
Zool.  Soc.  1863,  p.  129. 

t  See  Prof.  Owen's  Memoir  *  On  the  Aye-aye.'  Trans.  Zool.  Soc.  v.  pt.  2 
(1863). 

^  As  to  the  real  distinctness  of  these  species,  see  Peters,  *  Zool.  Keise  n. 
Mossambiqne,'  vol.  i.  p.  22. 
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MadagascarieTuis)  supply  us  with  no  veiy  precise  indications  as  to  their 
geographical  afi&nities. 

In  the  next  order  of  Mammals  the  Insedivora,  of  which  nine  species 
are  known  to  inhabit  Madagascar,  we  again  find  a  very  peculiar  group  of 
types,  consisting  of  the  genera  Cenletes,  Ertcidue,  and  Echinogale, 
These  little  animals,  though  generally  associated  with  the  Hedge-hogs 
{Erinaceua),  to  which  in  their  external  appearance  they  present  much 
resemblance,  have  been  recently  declared  by  Dr.  Peters — who  has 
deyoted.much  attention  to  the  Insedivora — to  be  most  nearly  allied  to 
the  American  genus  Solenodon  /*  So  to  find  their  nearest  affines  we 
have  to  cross  the  whole  (present)  continent  of  Africa  and  the  At- 
lantic Ocean  to  the  West  Lidian  Islands,  where  the  only  two  known 
species  of  Solenodon  occur. 

Besides  the  Centetince  the  Insectivora  of  Madagascar  consist  of  two 
species  of  Shrew  (Sorex) — a  form  widely  distributed  in  the  Old,  and 
northern  portion  of  the  New  World,  and  a  singular  little  animal,  at 
present  very  imperfectly  known,  which  was  described  by  M.  Doyere 
in  1835  under  tiie  name  of  Euplerea  Qoudoii.  The  Euplerea  Cfoudoti 
is  stated  to  agree  in  its  dentition  with  the  moles  {Tcdpa),  to  which 
genus  also  it  would  likewise  seem  to  present  some  resemblance  in  its 
habits ;  but  its  general  external  conformation  is  much  more  like  that 
of  a  small  vermiform  Carnivore,  and  its  describer  considers  it  to  con- 
stitute the  type  of  a  new  fiunily  of  Insectivora^  leading  off  towards  the 
Camivora. 

The  order  Camivora  again  presents  us  with  three  types  peculiar  to 
the  island — Cryptoproctay  OcUidia  and  Qalidictis,  These,  however,  all 
belong  to  the  family  Viverrince — a  group  peculiar  to  the  Old  World,  and 
of  which  several  allied  genera  inhabit  the  adjoining  parts  of  Africa.  It 
is  not,  therefore,  necessary  to  look  ''across  the  Atlantic"  for  the 
nearest  relatives  to  the  Madagascarian  Camivora.  Strangely  enough, 
the  nearly  universally  distributed  types  Felts  and  Canis  seem  utterly 
unrepresented  in  this  Fauna. 

Of  Bodents  only  one  species,  I  believe,  has  yet  been  registered  as 
found  in  Madagascar.  This  is  a  squirrel  of  the  genus  Sdurus — 
which,  as  fiEur  as  it  is  known,  exhibits  AMcan  afGmties.  Bats  and  mice, 
indeed,  there  are  in  Madagascar,  as  in  nearly  every  other  habitable 
portion  of  the  globe  where  man  has  penetrated,  but  these  are  of  the 
well-known  European  species,  and  must  be  put  into  the  same  category 
as  the  cats,  dogs,  and  oxen  which  have  been  introduced  into  and  flourish 
in  the  island. 

The  important  order  of  Buminants,  which  is  so  greatly  developed  on 
the  opposite  coast  of  Africa,  appear  to  be  wholly  wanting  in  the  indi- 
genous Fauna  of  Madagascar.  While  Antelopes  of  numerous  species 
abound  in  every  part,  whether  plain  or  forest,  of  the  adjoining  conti- 
nent, and  the  Giraffe  and  Buffalo  are  likewise  everywhere  characteristic 
features  of  the  j^thiopian  Mammal-fauna,  not  one  of  those  creatures  is 
known  to  occur  in  Madagascar,  and  this  fact  alone  would  serve  to 

♦    Of.  Peters,  •  Ueber   die    Saiigethier-gattung,  SoUnodcn.'     Abh.    Acad. 
Berlin,  1863. 
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mark  out  the  wide  difference  between  these  two  creations  as  they  stand 
at  present.  The  same  is  nearly  the  case  as  regards  the  next  order — that 
of  Pachyderms.  The  Hijppopotamu8y  so  abundant  on  the  opposite  coast  of 
Mozambique,  is  not  found  in  Madagascar.  Had  Madagascar  ever  formed 
part  of  AMca  this  would  hardly  have  been  the  case.  The  genus  Eqmta^ 
weU  represented  in  Southern  Africa  by  the  Zebras  and  Quaggas,  the 
Hyrax  and  the  Ehinoceros,  is  likewise  wanting;  and  of  the  Artio- 
dactyles  only  a  single  species — namely,  the  Soutii  AMcan  Biverhog 
(PotamochoBrvs  Africanus) — is  stated  to  inhabit  Madagascar.  But 
although  M.  Sganzin  has  positively  identified  this  species  as  a  Mada- 
gascarian  animal,  I  cannot  but  thiiik  it  rather  doubtful ;  in  the  first 
place,  because  this  is  the  only  exception  to  the  general  rule  of 
specific  (and  almost  generic)  difference  between  the  Mammals  of 
Madagascar  and  AMca ;  and  secondly,  because  Dr.  Peters  tells  us  he 
could  obtain  no  indications  of  the  existence  of  this  Pig  upon  the  oppo- 
site coast  of  Mozambique.  However,  imtil  the  contrary  is  proved,  it  is 
only  fair  to  assume  M.  Sganzin's  statement  to  be  correct,  and  to  include 
this  Biverhog  in  the  list  of  Madagascarian  Mammals. 

Having  thus  given  a  cursory  view  of  some  of  the  more  salient 
features  of  the  Mammal-creation  of  Madagascar  let  us  see  what  deduc- 
tions we  can  gather  from  them  as  to  its  origin — taking,  of  course,  for 
granted,  the  derivative  hypothesis  of  the  origin  of  species — at  present, 
the  only  theory  by  which  tibe  otherwise  inexplicable  facts  of  geographical 
distribution  can  be  explained.  Of  course  it  would  be  more  satis- 
factory in  a  case  like  the  present  to  have  before  us  a  summary  of 
the  knowledge  we  possess  concerning  every  part  of  the  Fauna  and  Flora 
of  Madagascar,  but  as  space  does  not  permit  this,  let  us  see  what  we 
can  make  out  from  the  Mammals  alone. 

The  following  deductions  may,  perhaps,  be  arrived  at  from  what  we 
have  before  us : — 

1 .  Madagascar  has  never  been  connected  with  Africa,  as  it  at  present 
exists.  This  would  seem  probable  from  the  absence  of  certain  all-per- 
vading Ethiopian  types  in  Madagascar,  such  as  AnHlope^  Hijppopotamus, 
Felis,  &c.  But,  on  the  other  hand,  the  presence  of  Lemurs  in  Africa 
renders  it  certain  that  Africa,  as  it  at  present  exists,  contains  land  that 
once  formed  part  of  Madagascar. 

2.  Madagascar  and  the  Mascarene  Islands  (which  are  universally 
acknowledged  to  belong  to  the  same  category)  must  have  remained 
for  a  long  epoch  separated  from  every  other  part  of  the  globe,  in  order 
to  have  acquired  the  many  peculiarities  now  exhibited  in  their  Mammal- 
fauna — e.g.  Lemur y  ChiromySy  Eupleres,  CerUetes,  &c. — to  be  elaborated 
by  the  gradual  modification  of  pre-existing  forms. 

8.  Some  land-connection  must  have  existed  in  former  ages  be- 
tween Madagascar  and  India,  whereon  the  original  stock,  whence  the 
present  Lemuridaa  of  Africa,  Madagascar,  and  India  are  descended, 
flourished. 

4.  It  must  be  likewise  allowed  that  some  sort  of  connection  must 
also  have  existed  between  Madagascar  and  land  which  now  forms  part 
of  the  New  World — in  order  to  permit  the  derivation  of  the  CentO' 
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HruB  from  a  (xnumon  stock  with  the  Scdenodon,*  and  to  account  for 
the  fact  that  the  Lemuridfld,  as  a  body,  are  certainly  more  nearly  allied 
to  the  weaker  forms  of  American  monkeys  than  to  any  of  the  Simiidie 
of  the  Old  World. 

To  ccHiolude,  therefore,  granted  the  hypothesis  of  the  derivative 
origin  of  species,  the  anomalies  of  the  Mammal-faima  of  Madagascar 
can  beet  be  explained  by  supposing  that,  anterior  to  the  existence  of 
Africa  in  its  present  shape,  a  large  continent  occupied  parts  of  the 
Atlantic  and  Indian  Ocean  stretching  out  towards  (what  is  now)  America 
on  the  west,  and  to  India  and  its  islands  on  the  east ;  that  this  con- 
tinent was  broken  up  into  islands,  of  which  some  became  amalgamated 
with  the  present  continent  of  Africa,  and  some  possibly  with  what  is 
now  Asia — and  that  in  Madagascar  and  the  Mascarene  Islands  we  have 
existing  relics  of  this  great  continent,  for  which  as  the  original  focus  of 
the  **  Stirps  Lemurum,"  I  should  propose  the  name  Lemuria ! 

Explanation  of  the  Plata. 

The  accompanying  sketch  by  Mr.  Wolf  will  serve  to  illustrate  the  more 
remarkable  types  of  the  Mammal-kind  of  Madagascar.  On  the  summit  of  the 
trees  are  Lemurs  of  different  species  (Lemur  leuamiystax,  L.  varius,  L.  ecUta^  and 
L.  xanthomystax).  In  the  centre  is  tne  Aye-aye ;  on  the  ground  to  the  left  is 
one  of  the  remarkable  Carnivores  of  tiie  island  (OdUdictis  vittata)  staring  at 
it ;  on  the  right  is  the  little  Echtno^ale  td/airif  endeavouring  to  make  its  escape 
from  such  an  extraordinary  assemblage.  In  the  background  may  be  seen  the 
celebrated  Traveller's- tree  {Urania  epeciosd),  and  other  marked  forms  of  Mada- 
gascarian  vegetation. 


ON  THE  SOLAE  SPOTS. 

By  Sib  John  F.  W.  Hbbsohel,  Bart.,  K.H.,  D.O.L.,  F.E.S. 

Thb  physical  constitution  of  the  sun,  and  the  nature  of  the  source 
^m  which  its  expenditure  of  light  and  heat  is  supplied,  must  be 
regarded  as  by  far  the  most  important  astronomical  problem  which 
remaias  unresolved,  connected  as  it  is  not  only  with  the  maintenance 
of  aU  animated  existence,  but  as  a  matter  of  speculative  interest  with 
every  branch  of  physical  science ;  since  there  is  not  one  which  has 
not  to  be  laid  under  contribution  in  support  or  confutation  of  the 
various  theories  which  have  been,  and  will  probably  be  henceforward, 
proposed  to  account  for  it.  Apart  from  the  knowledge  of  the  dimen- 
sions and  mean  density  of  the  sun  which  we  derive  from  the  great 
feuot  of  planetary  Astronomy,  from  its  presumed  connection  with  the 
2iodiacal  light,  and  from  the  appendages  to  its  disc,  which  become 
visible  in  total  eclipses,  and  wluoh  demonstrate  the  existence  of  a 
solar  atmosphere  extending  to  a  vast  distance  beyond  the  general 

*  This  single  case,  it  must  be  reasonably  allowed,  would  be  hardly  sufficient 
for  the  foundation  of  so  startling  a  supposition ;  but  the  presence  in  Madagascar 
of  American  forms  of  Serpents  {Xiphoaomat  Heterodony  PhSodrytis,  and  Lepto- 
deira\  of  Iguanoid  Lizards,  and  even  of  American  Insecti^  necessitates  some  svuik 
hypothesis. 


220  Ori^fincd  Articles.  [April, 

ImninouB  surfaoe  or  photosphere,  we  have  little  or  nothing  to  gpiide  hb 
in  this  inquiry  but  the  telescopic  examination  of  its  sur&oe,  which 
reveals  to  us,  besides  a  general  texture  of  a  very  peculiar  kind,  the 
existence  of  dark  spots,  temporary  in  their  duration,  holdiDg  no  fixed 
position  with  respect  to  its  poles  and  equator,  and  presenting,  in  other 
respects,  no  analogy  to  those  appearances  on  the  planets  which  indicate 
the  existence  of  local  peculiarities  on  their  solid  globes,  or  of  con- 
ditions in  their  atmosphere  as  to  clouds  and  dear  sky  which  obtain 
in  our  own.  These  spots,  ever  since  their  complete  and  recognized 
discovery  as  such  by  Fabricius,  Gralileo,  and  Scheiner,  in  1611  (for 
though  occasionally  seen  before  the  invention  of  the  telescope,  they 
had  hitherto  been  taken  for  Mercury  or  Venus  in  inferior  conjunction), 
have  always  been  examined  with  great  though  desultory  interest :  and 
it  is  only  since  the  year  1843,  when  Schwabe  announced  his  important 
discovery  of  the  periodicity  of  their  occurrence,  that  the  desirableness 
of  keeping  up  an  unbroken  record,  a  complete  diary,  in  fact,  of  the 
appearances  presented  by  the  solar  disc,  supplying  by  observations  in 
different  places  the  lacunsa  leffc  by  cloudy  weather  in  any  one,  has  been 
recognized. 

During  the  years  antecedent  to  this  epoch,  however,  a  vast  amount 
of  interesting  information  had  been  gathered  as  to  their  dimensions 
and  forms,  tibieir  penumhrce  and  un£rcB  (or,  as  they  were  sometimes 
called,  nuclei,)  ihefacuke  or  veins  of  brighter  light  which  accompany 
and  surround  them,  or  which  exist  detached  and  remote  from  spots ; 
their  law  of  distribution  over  the  surfSekce ;  their  generation,  duration, 
and  extinction ;  their  appearances,  disappearances,  and  reappearances, 
as  carried  round  with  the  globe  of  the  sun  by  its  rotation  on  its  axis, 
&c  :  all  particulars  very  necessary  to  be  borne  in  mind  in  reference 
to  their  physical  explaiuttion,  as  well  as  to  what  may  be  called  their 
descriptive  history,  and  of  which  a  brief  rSsumS  may  not  be  thought 
irrelevant  as  introductory  to  the  more  especial  subject  of  this  notice, 
which  is  intended  to  draw  attention  to  the  conclusions  which  may  be 
deduced  from  certain  recent  observations  of  their  movements  in  longi- 
tude and  latitude  in  reference  to  the  equator  of  the  sun's  globe. 

But,  first,  we  have  a  few  words  to  say  on  the  conditions  requisite 
for  viewing  the  sun  with  effect,  and  for  delineating  or  photographing 
its  spots,  which  will  not  be  thought  out  of  place  by  many  of  that 
numerous  class  of  observers  who,  with  telescopes  or  other  apparatus 
competent  to  do  good  service,  are  without  much  experience  in  this 
special  line  of  observation.  A  very  convenient  mode  of  viewing  them 
is  by  projecting  the  image  of  the  sun  in  a  darkened  room,  on  a  white 
screen.  This,  in  its  rudest  form,  was  the  method  followed  by  Eepler, 
who  used  only  a  small  hole  in  a  shutter,  without  a  lens,  and  was  thus 
enabled  to  see  a  spot  on  November  29,  1606,  and  another  on  May  18, 
1607  (o.  B.),  which  he  also  took  for  Mercury  (then,  however,  not  in 
transit,  and  not  even  in  inferior  conjunction).  If  a  lens  be  used  to 
bring  the  rays  to  a  focus,  the  image,  of  course,  is  much  improved. 
Still  more  if  it  be  achromatic :  and  if  in  place  of  a  single  lens  a  good 
telescope  of  moderate  focal  length  be  used,  and  the  eye-piece  drawn 
out  somewhat  beyond  the  focus  for  parallel  rays,  an  image  of  a  high 
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degree  of  perfection  is  procured,  which  may  be  impressed  photo- 
graphicallj  or  delineated  manually.  The  former  is  the  mode  practised 
at  the  Eew  Observatory  by  Mr.  De  La  Bne,  and  we  believe  by  most  other 
heHo-photographers :  the  latter  is  tmderstood  to  be  the  origin  of  those 
exquisite  drawings  laid  before  the  Eoyal  Astronomical  Society  by 
Mr.  Howlitt.  One  improvement  only  seems  yet  wanting  to  render 
either  of  these  modes  of  procedure  as  satisfeictory  as  actual  vision 
through  the  telescope — vk.  in  the  place  of  the  ordinary  telescopic 
eye-piece  to  substitute  an  achromatic  and  aplanatic  object-glass  of 
short  focus  and  suficiently  large  aperture,  having  the  radii  of  the 
surfaces  of  its  two  lenses  calculated  on  the  principles  laid  down  in  my 
paper  ('Phil.  Trans.,'  1821)  for  the  construction  of  such  an  object- 
glass.  The  radii  so  calculated  afford  a  lens,  aplanatic  not  merely  for 
parallel  rays,  but  for  all  distances  of  the  radiant  point,  so  that  when 
inverted,  or  placed  with  its  flint  lens  towards  the  light,  and  used  as  a 
microscope,  it  produces  neither  colour  nor  spherical  aberration,  and  is 
thus  excellently  fitted  for  projecting  a  magnified  image,  perfect  not 
only  as  to  the  form,  but  as  to  the  colour,  of  the  spots,  and  on  a  scale  of 
any  desired  enlargement,  by  a  mere  change  of  focus  and  corresponding 
alteration  of  the  screen's  distance. 

When  the  telescope  is  used  as  a  telescope,  the  great  brightness  and 
intense  heat  of  the  sun  require  to  be  subdued,  to  make  observation 
possible.  It  is  a  common  mistake  to  suppose  that  this  can  be  done  by 
merely  contracting  the  aperture  of  the  object-glass  by  a  circular  dia- 
phragm placed  before  it.  In  practice  this  is  fatal  to  distinct  vision. 
Coeteris  paribus,  in  telescopic  vision,  the  sharpness  of  definition  is  in  the 
direct  ratio  of  the  angle  (within  moderate  limits)  which  the  object-glass 
subtends  at  its  focus.  Any  attempt  to  evade  this  law  by  stopping  out 
the  light  by  concentric  annuU  will  be  found  to  issue  in  worse  confctsion. 
To  use  the  full  aperture  of  the  telescope  is  of  paramount  necessity  either 
in  viewing  the  sun  or  planets.  If  the  extinction  of  the  light  is  effected 
by  colour^  glasses,  the  best  combinations  I  have  yet  found  are :  1st, 
that  of  two  plane  glasses  of  a  shade  between  brown  and  violet,  with  one 
of  a  grass-green  hue  interposed :  or  2nd,  of  two  green  glasses,  with  a 
blue  one  coloured  by  cobalt  between  them.  These  allow  scarcely  any 
rays  of  the  spectrum  to  pass  but  the  yellow  and  less  refrangible  green ; 
and  they  cut  off  almost  all  the  heat.  The  perfection  of  vision  is  at- 
tained by  using  only  the  extreme  red  rays ;  but  glasses  which  transmit 
these  cannot  be  used  on  account  of  the  heat  they  allow  to  pass.  What- 
ever combination  of  glasses  be  used,  they  are,  however,  apt  to  crack  and 
fly  to  pieces  through  the  heat  which  they  do  intercept.  Hence  the  ne- 
cessity of  either  limiting  the  field  of  view  by  a  metal  screen  with  a 
small  hole  in  the  focus  of  the  object-glass,  as  recommended  for  trial 
by  Wilson,  in  1774,  and  as  practised  with  excellent  effect  by  Mr. 
Dawes ;  or  of  some  construction  of  the  telescope  itself,  which,  in  the 
act  of  forming  the  image,  shall  suppress  a  very  large  percentage  of 
the  whole  incident  light,  without  preference  of  colour.  Such  is  ihe 
object  of  the  "Helioscope"  described  in  my  "Cape  Observations,-"* 

*  (1847),  page  436. 
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which  utilizefi  for  the  formation  of  the  image  only  about  one  900th  part 
of  the  incident  rays,  and  if  a  greater  diminution  be  desired,  it  may  be 
obtained  by  a  polarizing  eye-piece.  I  have  reason  to  believe  that  this 
construction  will  ere  long  receive  a  full  and  satisfEictory  trial  at  the 
hands  of  one  of  our  most  distinguished  solar  observers  and  practical 
mechanists.  In  defieiult  of  a  glass-reflecting  speculum  such  as  this  con- 
struction requires,  and  of  the  prism  recommended  for  a  second  reflexion, 
I  have  used  (vide  locum  dUxtum)  a  plane  glass,  roughened  at  the  back, 
interposed  obliquely,  so  as  to  intercept  the  converging  rays  before  form- 
ing tiie  first  image,  and  reflect  .them  through  the  eye-piece  of  a  New- 
tonian telescope  with  great  advantage.  Mr.  Hodgson*  has  recommended, 
and  used  successfully,  a  similar  contrivance,  with  a  refracting  one. 

Spots  on  the  smi  have  frequently  been  seen  with  the  naked  eye,  by 
taking  advantage  of  its  proximity  to  the  horizon,  or  of  the  intervention 
of  light  douds.  Instances  of  the  kind  are  recorded  by  the  annalists 
before  the  invention  of  telescopes — in  a.d.  807  and  1160  ;  and  since 
by  Galileo  himself ,  by  D'Arquier  (April  15, 1764  ;  January  30, 1767 ; 
June  6,  1763),  by  Sir  William  Herschel  (April  17, 1779,  September  2, 
1792),  &c.  Only  the  bare  existence  of  a  spot,  however,  can  be  so  dis- 
cerned. No  details  of  course  can  be  distinguished.  When  viewed  with 
telescopes,  the  spots  are  seen  to  consist  of  two  very  broadly  distin- 
guished shades  of  darkness :  that  of  the  interior  and  smaller  portions, 
or  umbrcR,  being  so  dark  as  to  be  called  in  common  parlance  black 
(considerably  less  so,  however,  than  the  body  of  Mercury  or  Venus 
seen  in  transit,  or  the  moon  during  a  solar  edipse) ;  the  exterior  and 
larger  (which  usually,  but  not  always,  completely  surrounds  the  umbra) 
of  what  would  be  termed  in  painting  a  half-shade,  and  therefore  called 
the  penumbra.  Occasionally,  but  rarely  in  large  spots,  this  is  alto- 
gether absent.  But  whenever  it  exists  tiieline  cf  demarcation  between 
the  shades  is  sharp  and  unequivocal.  So,  at  least,  I  have  invariably 
found  it,  and  whenever  a  gradation  of  tint  from  one  to  the  other  has 
been  thought  to  have  been  perceived  by  other  observers,  I  am  disposed 
to  attribute  it  to  the  optical  mixture  of  the  images  of  the  ragged  edges 
of  the  penumbra  with  the  black  ground  on  whidi  they  are  projected  on 
the  retina  arising  from  imperfect  definition.  The  point  is  of  extreme 
importance  in  the  physical  theory  of  the  spots.  So  marked  a  distinc- 
tion is  altogether  adverse  to  the  idea  of  a  luminous  gas  or  fluid,  inde- 
finitely miscible  with,  or  soluble  in,  a  non-luminous  transparent  atmo- 
sphere ;  while  it  agrees  with  that  of  an  aggregation  of  the  luminous 
matter  in  masses  of  some  considerable  size,  and  some  certain  degree  of 
oonsistency,  suspended  or  floating  at  a  level  determined  by  their  specific 
gravity  in  a  non-luminous  fluid ;  be  it  gas,  vapour,  liquid,  or  that  in- 
termediate state  of  gradual  transition  from  liquid  to  vapour,  which  the 
experiments  of  Oagmard  dela  Tour  have  placed  visibly  before  us ;  and 
whichy  when  we  consider  the  high  temperature  throughout  the  solar  cUmo^ 
sphere,  and  the  enormous  pressure  at  the  surface  of  its  solid  globe  (if  U 
hone  any  such)  we  cannot  but  believe  to  be  realized  on  the  grandest  scale 
in  solar  physics.    And  this  is  strongly  corroborated  by  a  certain  streaky 

*  Royal  ABtronomlcal  Sooiety*0  Monthly  Notices,  Dec.  8,  1854. 
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or  foirowedappeaianoe  in  iha  penuinbi®,  directed  always  ladially  to  or 
from  the  centre  of  the  umbra,  as  if  rifted,  and  allowing  the  black  ground 
on  which  they  are  seen  projected  to  appear  through  the  chinks  (see 
Fig.  3) :  an  appearance  Hkened  in  certain  cases  by  Mr.  Dawes  to  '*  bits 
of  straw,"  and  by  Mr.  Nasmyth  asserted  to  be  distinctly  refsrable  to 
certain  fasiform,  lanceolate,  or  ^*  willow-leafed  "  objects  of  definite  size 
and  shape,  superposed  in  general  like  scales,  covering  one  another  par- 
tially (see  Fig.  5),  but  in  the  penmnbrsB,  radially  arranged,  of  which  he 
conceives  the  whole  luminous  surfSace  of  the  sun  to  consist.*  It  is  not 
meant  to  assert  that  either  the  penumbne  or  umbrae  are  devoid  of  all 
gradation  of  light.  Both  have  darker  and  lighter  shades,  but 
(especially  as  regards  the  umbre)  within  fax  narrower  limits  of  varia- 
tion. Within  the  latter,  indeed,  which,  up  to  a  recent  period,  most  ob- 
servers, after  Sir  William  Herschel,  had  agreed  to  regard  as  openings 
through  which  the  dark  body  of  the  solar  globe  could  be  seen,  Mr. 
Dawes,  by  the  application  of  his  diaphragm  eye-piece  already  mentioned, 
has  disclosed  the  existence  of  a  third,  and  still  deeper  definite  shade  of 
darkness,  constituting,  as  it  were,  a  nucleus,  or  umbra  of  the  second 
order  (see  Fig.  3),  to  which  we  propose  henceforward  to  restrict  the  name 
of  **  nucleus."  JBetween  the  penumbra,  too,  and  the  general  brightness 
of  the  photosphere,  a  suddenness  of  transition  exists,  less  marked,  in- 
deed, IJum  that  between  it  and  the  nucleus,  and  less  rigidly  preserved, 
but  yet  on  the  whole  exceedingly  striking.  And  the  whole  series  of 
phenomena  strongly  suggests  the  notion  of  three  envelopes  or  veils 
between  the  exterior  transparent  atmosphere  and  the  sun  itself^  the 
two  outer  being  luminous,  the  inner  probably  only  seen  by  reflected 
light ; — each  capable  of  being  partially  removed,  either  by  some  emana- 
tion or  upsurging  movement  from  below,  or  denudation  £rom  above, 
leaving  a  central  opening,  over  which,  when  the  denuding  cause  has 
ceased  its  action,  the  luminous  strata  tend  to  return,  and  spread  them- 
selves equally.  Even  in  such  central  opening,  however,  the  darkness 
is  probably  only  relative,  and,  could  the  surrounding  glare  be  com- 
pletely extinguished,  the  light  of  the  central  space  would  probabhr 
equal  or  exoe^  that  of  the  brighter  incandescence  of  our  furnaces.  It 
is  inconceivable  indeed,  that  the  actual  surface  of  the  solar  globe  (if 
there  he  any  such  definite  9urface\  surrounded  as  it  is  by  an  enceinte  of 
such  a  temperature  afl  that  of  the  photosphere,  should  be  otherwise 
than  in  a  state  of  the  most  vivid  incandescence :  and  that  it  should 
appear  no  brighter  than  it  does  is  not  the  least  inexplicable  feature  of 
solar  physics.  Can  it  be  that  the  interposition  of  mixed  metallio 
vapours,  each  specifically  opaque  to  definite  rays  of  the  spectrum  be- 
tween the  body  and  the  penumbral  envelope  may  by  their  joint  absorp- 
tion, cut  off  nearly  the  whole  of  the  light  of  tiie  former  ?  Ignited, 
transparent,  and  colourless  liquids  or  gases,  it  should  be  observed, 
give  off  no  light  Jrom  their  interior. 

The  forms  of  the  spots  are  extremely  irregular ;   of  the  penumbrad 

*  Other  observers,  as  I  have  recently  been  informed,  oonsider  Mr.  Kasmyth's 
"willow-leaf"  figures  as  too  slender  and  pointed,  and  liken  the  forms  rather  to 
that  of  rioe-gnins. 
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indeed  excessiyely  so.  As  there  occur  umbrsd  without  pennmbrsd,  so 
penumbrsB  occur  without  umbrsB,  but  such  are  usually  only  branches  or 
outlying  portions  of  groups,  or  the  remains  of  a  spot  in  the  act  of 
obliteration  when  the  umbra  has  disappeared.  In  the  great  majority 
of  cases  many  umbrsB  are  surrounded  and  connected  into  a  group  by  a 
common  penumbra.  This  indeed  is  almost  always  the  case  with  larjge 
spots.  The  umbrsB,  when  large,  affect  more  compact  and  rounded  forms 
than  the  penumbrse,  and  the  interior  nuclei  of  Mr.  Dawes  still  more  so. 
On  the  whole  there  is  a  certain  tendency  to  the  bizarre  in  all  the  forms, 
which  though  indescribable  in  words  is  highly  charaxsteristic.  One  of 
Mr.  Howlitt*s  drawings  offers  a  strange  approximation  to  the  complete 
form  of  a  human  skeleton.  A  form  not  uncommon,  especially  towards 
the  subsidence  of  a  period  of  solar  activity,  is  that  of  a  tadpole  with  a 
large  irregular  head  consisting  of  a  penumbra  and  several  umbrad,  and 
a  curved  penumbral  tail  dotted  with  smaller  ones  (see  Figs.  4, 8).  This 
form  of  spot  has  been  noticed  by  some  observers,  among  others  by 
Picard  in  1671,  as  recalling  the  outline  of  a  scorpion  (Fig.  6).  The 
larger  umbrsB  are  often  crossed  (Fig.  1),  or  nearly  crossed  (Fig.  2),  by 
narrow  bridges  of  light,  rarely  penumbral,  most  usually  of  the  full 
brilliancy  of  the  photosphere,  or  even  surpassing  it.  In  many  cases 
they  are  irregularly' rounded  on  three  sides,  and  sharply  cut  as  if 
snipped  by  scissors  on  the  fourth,  and  to  such  sharp  edges  there  is 
often  no  penxunbral  border.  Lastly,  spots  are  much  more  commonly 
connected  in  groups  than  quite  insulated,  and  very  frequently  affect  linear 
sequences,  oblique  to  the  parallel  of  solar  latitude  in  whidb  they  occur ; 
the  line  of  direction  being  towards  a  point  in  the  sun's  equator  preceding 
the  situation  of  the  spot  in  longitude  (see  Fig.  7). 

Large  spots,  or  groups,  are  almost  always  atteoided  by  neighbouring 
facuUe,  which  are  streaks,  or  vein-like  appearances,  more  or  less  crooked 
and  branching,  of  brighter  light  than  the  general  photosphere.  They 
are  much  more  conspicuous,  however,  near  the  borders  of  the  visible 
disc  than  towards  its  centre,  a  fact  strongly  indicative  of  their  eleva- . 
tion,  as  ridges  or  heaps  of  the  luminous  matter,  which  so  rising  above 
the  denser  regions  of  the  circumfnsed  atmosphere,  have  their  light 
proportionally  less  enfeebled  by  its  absorption.  On  the  other  hand  they 
are  never  traced  fairly  up  to  the  actual  edge  of  the  disc — where  the 
absorption  of  the  solar  atmosphere  is  so  great  as  to  extinguish  (according 
to  Chacomac)  nearly  half  the  lights  a  proof  that  their  elevation  is  far 
from  comm^QBurate  with  the  extent  of  that  atmosphere,  and  that  they  are 
not  identical  with  the  "  red  flames  "  seen  on  the  limb  of  the  sun  in  total 
eclipses.  Indeed  the  latter  appear  indiscriminately  round  every  portion 
of  the  disc,  whereas  the  £eicu18b  are  never  seen  in  the  sun's  polar  regions. 
Neither  is  the  connection  of  the  spots  with  faculsB  one  of  reciprocity, 
for  the  latter  are  often  seen  where  no  spots  exist. 

When  spots  on  the  sun's  surface  are  viewed  from  day  to  day,  they 
are  seen  to  imdergo  great  changes  in  form,  size,  and  relative  situation 
inter  ae,  as  well  as  to  be  carried  round  by  a  common  movement; 
evidently  due  to  the  sun's  rotation  on  its  axis  in  the  same  direction, 
and  nearly  in  the  same  plane  as  that  of  the  planetary  movements ;  and 
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from  this  latter  moyement,  by  tracing  the  apparent  paths  of  indiyidual 
spots  across  the  disc,  the  time  of  that  rotation  was  early  concluded, 
approximately  by  Galileo  himself,  and  with  more  exactness  by  the  use 
of  micrometric  measures  by  his  successors — as  well  as  the  position  of 
its  axis  in  space,  or,  which  comes  to  the  same  thing,  the  inclination  of 
its  equator  to  the  ecliptic  and  the  longitude  of  its  ascending  and 
descending  nodes.  As  regards  these  latter  particulars,  the  results 
arrived  at  by  various  observers  and  computists,  especially  the  more 
modem  ones  (Lalande,  Fixlmillner,  Bohm,  Laugier,  and  Carrington), 
are  in  as  good  accordance  as  could  be  expected,  and  may  be  stated  at 
7°  15'  for  the  inclination  of  the  axis,  and  73°  40'  for  the  longitude  of 
the  ascending  node  for  1850  ;  so  that  the  north  pole  of  the  sun's  axis 
points  Dearly  to  the  star  ir  Draconia,  and  the  south  to  a  Plutei.  As 
regards  the  time  of  rotation,  however,  the  disagreement  is  more  con- 
siderable, for  a  reason  which  will  presently  appear. 

Few  spots,  and  those  only  very  large  ones  or  groups  of  such,  are 
permanent  enough  to  be  traced  through  more  than  one  or  two  succes- 
sive revolutions  of  the  sun.  Instances  of  three  or  four  returns  are 
extremely  rare.  Schwabe,  however,  in  1840,  saw  the  same  spot  eight 
times  in  the  middle  of  its  course  over  the  disc,  having  made  seven  full 
revolutions  between  May  11  and  November  16.  Single  spots,  or 
small  groups,  undergo  such  changes  in  a  few  days  as  to  be  hardly 
recognizable,  and  maay  originate  and  die  out  during  a  single  transit. 
The  origin  of  a  spot  when  it  can  be  observed,  is  usually  traceable  to 
some  of  those  minute  pores,  or  dots,  which  stipple  the  sun*s  surfisice,  and 
which  begin  to  increase,  to  assume  an  umbral  blackness,  and  acquire  a 
visible  and  at  first  very  irregular  and  changeable  shape.  It  is  not 
till  it  has  attained  some  measurable  size  that  a  penumbra  begins  to  be 
formed,  a  circumstance  strongly  favouring  the  origination  of  the  spot  in 
a  disturbance  from  below,  upward; — vice  versa,  as  the  spots  decay,  they 
become  bridged  across,  the  umbrae  divide,  diminish  in  size,  and  close  up, 
leaving  the  penumbrsB,  which  by  degrees  also  contract  and  disappear. 
The  evanescence  of  a  spot  is  usually  more  gradual  than  its  formation. 
According  to  Professor  Peters  and  Mr.  Carrington,  neighbouring 
groups  of  spots  show  a  tendency  to  recede  from  one  another. 

The  chfmges  undergone  in  a  few  hours  by  large  spots,  or  among 
groups,  are  such  as  to  alter  visibly  their  shapes  and  relative  situations, 
and  from  day  to  day  to  transform  them  entirely.  Professor  Wolf 
observed  one  on  March  10,  1861,  which  in  the  short  interval  of 
Ih.  17m.  underwent,  not  merely  visible  but  enormous  changes,  altering 
its  whole  aspect.  And  when  it  is  remembered  that  a  single  second  on 
the  snn*s  surface  (seen  from  the  earth)  corresponds  to  46  J  miles  'linear 
measure,  and  a  square  second  (almost  the  minimum  visibile)  to  upwards 
of  20,000  square  miles,  we  need  not  to  be  told  that  such  'changes  imply 
movements  of  a  rapidity  to  which  our  fiercest  hurricanes  ojQEer  no  ap- 
proach ;  so  that  the  term  '^  viscous,"  which  has  been  applied  by  some  to 
the  fiuid  in  which  the  photosphere  floats,  is  in  the  last  degree  inap- 
propriate. Mr.  Dawes  and  Mr.  Birt  have  observed  the  umbrce  of  spots 
in  some  cases  to  rotate  as  it  were  slowly  on  their  centres. 
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The  earlieei  observers  of  the  solar  spots  were  led  to  notice  the  £&ct 
of  their  total  absence  in  the  circmnpolar  regions  of  the  sun's  sorfeu^, 
and  we  find  it  already  remarked  by  Scheiner  that  their  appearance  is 
confined  to  a  zone  extending  to  30*"  or  36''  in  latitude  on  either  side  of 
his  equator.  All  subsequent  observation  has  confirmed  this.  Only 
one  fdlly-authenticated  observation  (by  M.  Peters,  in  1846)  is  ad- 
duced of  a  spot  in  so  high  a  North  latitude  as  50^  and  a  double  one 
has  been  observed  by  Mr.  Carrington  in  44*"  S.  The  equator  itself  is, 
however,  rarely  visited  by  them,  and  this  paucity  usually  extends  over 
an  equatorial  zone,  from  8^  N.  to  S''  S.  latitude.  From  these  limits 
to  20°  latitude  on  either  side  extends  the  region  of  their  most  frequent 
occurrence.  Moreover  it  is  no  unconunon  thing  in  very  spotty  states 
of  the  sun  to  observe  some  one  parallel  of  latitude  dotted  out  as  it 
were  on  the  disc  by  a  more  or  less  continuous  line  of  spots  extending 
across  or  nearly  across  the  whole  disc,  and  that  occasionally  in  both 
hemispheres.     (See  Fig.  7.) 

No  one  meridian  of  the  sun,  however,  is  found  to  be  especially 
abundant  in  them,  nor  has  observation  yet  pointed  out  any  particular 
locality  on  that  globe,  at  or  near  which  a  spot  more  frequently  breaks 
out  than  at  any  other  on  the  same  parallel,  a  circumstance  conclusive 
against  their  owing  their  origin  to  volcanic  eruptions  or  any  simply 
local  causes. 

The  sun  is  not  equally  spotted  at  all  times.  Many  months  and 
sometimes  whole  years  have  elapsed  without  the  notice  of  a  spot.  In 
others,  for  months,  nay  years  together,  they  have  been  remarkable  for 
number  and  magnitude.  It  seems  to  have  been  a  very  general  belief  up 
to  the  epoch  of  Professor  Schwabe's  observations  already  mentioned,  that 
this  variety  was  purely  casual,  and  altogether  irregular.  But  the  evidence 
obtained  by  M.  Schwabe,  observing  from  1826  to  1860,  on  an  average 
800  days  per  annum,  during  each  of  which  the  number  of  groups  and 
sii^le  spots  was  regiistered,  clearly  established  a  periodicity.  Thus,  in 
1833,  1843,  1856,  very  few  groups  were  seen,  and  on  nearly  half  the 
days  of  observation  the  sun  was  spotless ;  while  in  1828, 1837, 1848, 
1859,  and  1860,  the  number  of  groups  was  extraordinary,  and  not  one 
spotless  day  occurred;  while  tiie  intermediate  years  exhibited  a 
regular  alternate  increase  and  decrease.  A  period  from  ten  to  twelve 
years  in  duration  was  thus  indicated.  It  became  therefore  exceedingly 
interesting  to  ascertain,  by  the  collection  and  comparison  of  all  the  ob* 
servations  recorded  of  the  sun's  state  since  the  first  discovery  of  the 
spots,  whether  this  alteration  of  periods  of  excitement  and  quiescence 
would  be  corroborated  or  not.  This  task  (one  of  no  slight  labour)  has 
been  accomplished  with  extraordinary  devotion  and  perseverance  by 
Dr.  Budolf  Wolf,  Professor  of  Astronomy  at  Zurich,  who  in  a  series  of 
Essays  communicated  to  and  published  by  the  Zurich  Society  of  Na- 
tural Philosophy,  has  collected  from  every  available  source  ihe  whole 
literature  of  the  subject,  and  subjected  the  totality  of  the  recorded  ob- 
servations to  a  most  careful  and  searching  scrutiny.  In  so  doing  he 
has  been  enabled  to  assign,  on  what  appears  to  us  sufficient  evidence  in 
general,  and  in  most  cases  decisive,  the  following  epochs  of  minima 
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of  solar  activity  (as  evinced  by  the  production  of  spots),  with  the  inter- 
vals elapsed  between  each,  viz. : — 


The  mean  interval  is  11^*2,  or,  considering  that  the  two  first  epochs 
are  necessarily  somewhat  uncertain,  very  nearly  11'  ^th,  or  nine 
complete  periods  in  a  century ;  and  the  mean  epoch  1799*24,  which  is 
so  nearly  1800*0,  that  as  a  convenient  date  for  memory  the  commence- 
ment of  the  terminal  year  of  each  century  may  be  taken  as  a  starting 
point.  The  comparison  of  epochs  of  maximum  activity  leads  to  a 
similar  conclusion  as  to  the  length  of  the  average  period ;  but  these 
epochs  are  less  definitely  marked,  and  subject  to  greater  deviations  from 
their  average  places  than  the  minima  which,  themselves,  as  is  evident 
from  the  above  synopsis,  are  subject  to  pretty  considerable  irregu- 
larities. Grenerally  speaking  there  appears  a  tendency  in  the  maxima 
to  anticipate  the  middle  time  between  the  consecutive  minima,  the 
interval  11*11  being  divided  into  two  unequal  sub-intervals  of  4^*77, 
and  6'*84. 

Professor  Wolf  estimates  the  solar  activity  on  any  day  by  adding 
together  the  number  of  individual  tfpofo  counted  on  ^e  disc  and  ten 
times  the  number  of  groups.  This  is  to  a  certain  extent  arbitrary. 
But  some  rule  must  be  adopted  for  calculation,  and  it  would  not  be 
easy  to  propose  one  less  open  to  objection.  Taking  the  total  so  obtained 
for  each  day  for  the  measure  of  that  day's  activity,  and  thence  calcula- 
ting the  mean  yearly  activity,  and  the  mean  during  eadi  period,  he  has 
arrived  at  some  very  striking  and  remarkable  conclusions,  which 
may  be  thus  stated.  1st.  If  a  series  of  equal  distances  be  marked 
off  in  a  Une  to  rexnresent  years,  and  on  the  middle  of  each  an  ordinate 
erected  representing  the  mean  annual  activity,  their  extremities  be- 
ing joined  by  a  curve ;  this  will,  of  course,  exhibit  a  series  of  waves 
averaging  11*11  years  in  breadth.  Now  it  is  found  that  the  summits 
of  these  waves  (and  also  their  depressions)  are  of  very  unequal  heights, 
and  that  (regarding  their  summits  only)  the  curve  connecting  these 
exhibits  again  a  series  of  larger  waves,  occupying,  from  summit  to 
summit,  a  breadth  of  about  66  years,  or  (?)  five  times  the  length  of  the 
smaller  period,  the  maximum  value  of  its  ordinate  being  nearly  double 
of  the  minimum.     In  other  words,  besides  the  shorter  period  of  11*11 
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yeare  in  which  the  solar  activity  flactuates  from  m7,  or  nearly,  so  to  a 
TnaTJmTim  and  back  again,  it  is  subject  to  another  and  larger  period  of 
56  years  (55*55  ?),  during  which  the  extent  of  the  former  fluctuation  is 
nearly  doubled.  The  maximum  of  this  greater  fluctuation  may  pro- 
visionally be  placed  about  the  years  1780  and  1836.  2nd.  Another 
conclusion  hardly  less  interesting  is,  that  in  adjacent  or  nearly  adjacent 
1 1-year  periods  of  unequal  length,  a  greater  degree  of  activity  during 
the  shorter  tends  to  compensate  in  the  total  number  of  spots  produced, 
for  a  less  energy  in  the  longer. 

These  results  are  in  a  high  degree  enigmatical,  and  up  to  the 
present  time  no  dear  account  of  them  has  be^  given.  Were  the  spots 
sufiiciently  large  and  numerous  to  produce  any  considerable  defalcation 
of  light  they  would  place  the  sun  at  once  in  tiie  class  of  variable  stars, 
which  present  distinct  and  marked  analogies  in  respect  of  their  laws 
of  periodicity  and  sub-periodicity,  such  as  at  all  events  point  to  a 
common  explanation  of  the  two  phenomena.  Meanwhile  it  must  be 
noted  that  in  the  planetary  revolutions  we  find  no  such  periods  as  11^ 
and  55^  years,  and  although  both  Professors  Wolf  and  Schmidt  have 
bestowed  some  pains  on  the  inquiry  whether  the  application  of  equa- 
tions or  terms  depending  on  the  heliocentric  longitudes  of  the  planets 
may  not  eliminate  some  portion  of  the  observed  irregularities  in  the 
recurrence  of  the  minima  of  the  11-year  period,  it  does  not  yet  appear 
that  any  dependable  result  of  this  Und  has  been  arrived  at.  Indeed, 
the  data  have  not  sufficient  precision,  nor  does  the  series  of  observations 
embrace  a  sufficient  time  to  lead  us  to  expect  it. 

As  regards  the  number  of  spots  in  each  year  and  in  different 
months  of  the  same  year,  however.  Dr.  Wolf  ('  Mittheilungen,'  No.  X.) 
seems  to  have  satisfied  himself  fi*om  the  examination  of  Schwabe's 
observations  from  1826  to  1848  that  sub-periods  depending  on  the 
revolutions  of  the  Earth  and  of  Venus  do  really  exist.  Thus,  he  finds 
a  perceptibly  greater  degree  of  apparent  activity  to  prevail  annually 

on  the  average  of  months  of  September January,  than  in  the 

other  months  of  each  year — and  again  by  projecting  aU  the  results  iu 
a  continuous  curve  he  finds  in  it  a  series  of  small  undulations  suc- 
ceeding each  other  at  an  average  interval  of  7*65  months,  or  0*637 
year.  Now  the  periodic  time  of  Venus  (225  days)  reduced  to  a  fraction 
of  the  year  is  0*616,  a  coincidence  certainly  near  enough  to  warrant 
some  considerable  suspicion  of  a  physical  connection. 

Yet  more  enigmatical  is  the  connection  which  has  been  considered 
to  subsist  between  the  mean  annual  abundance  of  solar  spots  and  the 
extent  of  mean  annual  fluctuation  observable  in  the  magnetic  elements 
which  determine  the  position  of  the  needle.  Dr.  Lament,  of  Munich, 
it  would  appear,  was  the  first  who  noticed  a  periodical  increase  and 
decrease  in  the  annual  amount  of  variation  of  the  magnetic  declina- 
tion— the  period  assigned  by  him  being  about  ten  years.  In  his 
*  Besultate  der  Mag.  Obs.  zu  Munchen,'  published  in  1846,  he  states 
the  amount  of  the  mean  daily  variation  in  declination  for  the  eleven 
years  from  1834  to  1845  inclusive,  which  exhibit  an  increase  from 
8^*25  in  1834  to  12'*90  in  1836,  whence  a  gradual  and  steady  decline  to 
7'*41  in  1844.    And  from  this  (which  as  we  now  perceive  falls  in  per- 
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fectly  with  the  increase  and  decrease  of  the  spots  in  that  interval,  but 
without  reference  to  them)  he  drew  the  conclusion  above  mentioned.  A 
similar  result  was  announced  in  1 852  by  General  Sabine,  and  extended  to 
all  the  magnetic  elements — connecting  the  periodicity  with  that  of  the 
spots,  but  assuming  a  period  of  ten  years  in  accordance  with  M. 
Schwabe*s  first  conclusion — and  to  this  period  of  magnetic  change 
General  Sabine  we  believe  is  still  disposed  to  adhere.  Professor 
Wolf,  however,  who  has  instituted  the  same  system  of  inquiry  into  all 
available  observations  of  magnetic  declination,  finds  this  element  at 
least  (so  far  as  dependable  observaUons  exist)  to  vary  in  so  perfect 
accordance  with  his  law  of  solar  activity  that  a  table  of  its  mean  annual 
amoimts  as  estimated  in  the  maimer  above  stated  is  convertible  by  a 
mere  change  of  scale  and  the  use  of  a  multiplier  constant  for  each 
magnetic  observatory,  into  a  table  of  mean  decimal  variations  for  the 
same  years  iu  each.  It  will  be  recollected,  however,  that  the  earlier 
data  here  are  sparingly  scattered,  and  it  would  be  premature  to  assert 
the  absolute  generality  of  this  conclusion  in  the  face  of  that  to  which 
the  Astronomer  Boyal  has  been  led  by  his  recent  elaborate  discus- 
sion of  the  Greenwich  magnetic  observations  from  1841  to  1857,  viz.  : 
that  from  the  rapid  decrease  of  dimension  in  the  projected  curves  for 
the  several  years  from  1848  to  1857,  their  forms  remaining  the  same 
he  is  led  to  believe  that  in  this  interval  ''  some  great  cosmical  change 
has  come  upon  the  earth  affecting  terrestrial  magnetism"  We  should 
not  pass  quite  unnoticed,  however,  that,  granting  the  correctness  of 
the  epoch  of  maximum  (1836j  of  Dr.  Wolf  s  longer  period  of  56  years, 
this  precise  interval  of  time  would  fedl  upon  the  most  rapid  downward 
sweep  of  his  average  curve  of  Tnaxiina  duiing  its  progress  from  the 
maximum  of  1836  to  that  of  1892. 

A  connection  between  the  periodicity  of  the  spots  and  the  recurrence  of 
great  displays  of  aurora  borealis  has  also  been  surmised,  and  was,  indeed, 
suggested  as  a  possibility  by  Mairan  more  than  a  century  ago.  The 
recent  researches  of  Professor  Fritz,  grounded  on  a  diligent  assemblage 
and  collection  of  recorded  auroras  instituted  by  Dr.  Wolf,  the  late 
Professor  Olmsted,  and  others,  have  placed  this  connection  in  a  very 
distinct  light,  and  shown  not  only  that  the  11-year  period  of  the  spots 
has  its  parallel  in  the  annual  frequency  of  auroras,  both  in  respect  of 
number  and  the  epochs  of  minimum,  but  also  that  the  long  period  of 
56  years  is  represented  in  that  phenomenon,  and,  in  fact,  agrees  better 
in  indicating  epochs  of  extraordinary  abundance  and  paucity  than  a 
longer  period  of  65  years  proposed  by  Olmsted,  without  reference  to 
the  spots.  To  dilate  on  the  steps  of  this  inquiry  would  lead  us  beyond 
our  limits,  and  we  hasten  to  the  consideration  of  another  class  of 
phenomena,  to  which  observations  of  Mr.  Carrington,  from  1853  to 
1861,  recently  published  with  the  liberal  aid  of  a  grant  from  the  Eoyal 
Society,  have  given  a  very  prominent  degree  of  interest,  as  a£&)rding  at 
length  a  glimpse — if  not  of  the  physical  cause  in  which  the  spots 
originate,  at  least  of  the  working  of  a  mechanism  through  which  that 
cause  may  possibly  produce  its  effect. 

We  have  already  noticed,  that  while  the  results  obtained  by 
different  observers  and  oompiitists  as  to  the  position  of  the  sun's  axis  of 
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rotation  derived  firom  the  paths  of  the  spots  across  his  disc  agree  on 
the  whole  satisfactorily,  no  such  good  accordance  is  found  between  the 
times  of  rotation  so  deduced.     Galileo  concluded  from  his  observations 
(of  course  rudely)  a  synodic  period  of  28  days ;  Scheiner,  in  1630,  of  26 
or  27,  corresponding  to  a  sidereal  period  of  25^,  or  thereabouts; 
Cassini,  25*59 ;  Lalande,  25*42 ;  Laugier,  as  a  mean  result,  25*34 ; 
Eys8Bus,  25*09  ;  and  Boehm,  25*32  ;  the  discordance  between  which  is 
too  great  to  be  considered  satisfactory.     Observers,  moreover,  had 
noticed  that,  not  only  different  spots  gave  different  results,  but  that  the 
same  spot  observed  in  several  successive  revolutions  gave  results  greatly 
at  variance  with  each  other.     Thus  the  observations  of  M.  Laugier 
afforded  periods  varying  from  24*88  to  26*23  days;   and  Professor 
Feamley  of  Ghristiania,  from  observations  of  a  very  remarkable  spot 
in  1857,  which  presented  itself  three  times  on  the  disc,  deduced  a 
series  of  periods  from  its  passages  across  and  reappearances  on  the  disc, 
of  25*46,  25*67,  25*83,  25*87,  and  26*23  days,  respectively  and  succes- 
sively.    Such  differences  are  fao*  too  great  to  have  arisen  from  error  of 
observation,  and  can  only  be  attributed  to  proper  motion  of  the  spots 
themselves  relative  to  the  body  of  the  sun,  arising  from  their  floating  in 
the  solar  atmosphere,  of  which  their  relative  change  of  heliographical 
situation  suf&ces  of  itself  to  indicate  the  movement.     This  conclusion 
was  drawn  by  M.  Peters,  from  an  elaborate  series  of  observations  made 
in  1845-6,  in  which  he  first  clearly  pointed  out  that  the  period  of 
rotation  deduced  from  such  observations  is  that  of  the  sun's  atmosphere, 
not  of  its  globe,  and  is  affected,  for  any  particular  spot,  by  whatever 
atmospheric  drift,  permanent  or  temporary,  may  subsist  in  the  region 
occupied  by  it.     Thus  a  way  was  opened  by  assiduous  observations  of 
the  spots  to  a  knowledge  of  ihe  existence  and  laws  (if  any)  of  the  solar 
atmospheric  currents.     About  the  same  time  was  put  forth  by  the 
author  of  this  notice,  a  surmise,  from,  the  law  of  distribution  of  the 
spots  in  two  tropical  belts,  with  an  intermediate  spotless  equatorial 
zone,  that  their  origin  might  perhaps  be  sought  in  regular  solar  winds, 
analc^ous  in  their  essential  features  to  our  trade-winds,  and  owing 
their  origin  to  a  different  rate  of  emission  of  heai  in  the  equatorial  and 
polar  regions,  and  a  consequent  difference  of  temperature  in  the  two 
regions.*     On  the  occasion  of  the  spot-minimum  of  1855-6,  Mr.  Car- 
rington,  who  from  1858  downwards  had  been  assiduously  and  sys- 
tematically observing  them,  was  led  to  make  a  very  important  remark 
as  to  the  distribution  of  the  spots  in  latitude.     He  found  that,  as  the 
epoch  of  the  minimum  drew  on,  their  average  heliographical  latitude 
decreased;   the  higher  latitudes  beyond  20°  N.  and   S.   becoming 
deserted,  while  the  equatorial  zone  became  comparatively  more  and 
more  frequented  by  them ;  and  this  went  on  steadily  till  the  epoch  of 
the  minimum  was  attained.     After  this  a  sudden  and  most  decided 
change  took  place.     The  equator  was  deserted,  and  on  the  reappear- 
ance of  the  spots  their  average  latitudes,  N.  and  S.,  were  found  to 
exceed  20*",  the  intermediate  zone  being  now  as  remarkable  for  their 
relative  paucity  as  it  was  before  for  their  relative  abundance.     On 

*  *  Results  of  Ci^  Observations,  1847.' 
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searching  former  records,  Dr.  Wolf  ascertained  from  the  observations 
of  Professor  Boehm  in  1833-4-5-6,  including  the  minimum  of  1833-4, 
that  the  same  phenomenon  had  then  also  occurred,  the  average  lati- 
tudes of  the  spots  in  1833  having  been  9**  9',  while  in  1834,  the  year 
immediately  subsequent  to  the  minimum,  it  had  risen  by  a  similar 
sudden  spring  to  25*"  0',  after  which  (as  was  also  the  case  in  Mr.  Car- 
rington*s  observations)  it  gradually  declined  to  the  normal  state. 
Whether  this  be  a  general  rule,  remains  to  be  seen.  If  so,  it  cannot 
but  stand  in  immediate  and  most  important  connection  with  the 
periodicity  itself^  as  well  as  with  the  physical  process  in  which  the 
spots  originate.  Meanwhile,  however,  an  opportunity  was  thus  afforded 
of  determining  the  sun's  period  of  rotation  by  a  great  many  equatorial 
spots,  as  well  as  by  those  in  high  latitudes.  The  results  have  been 
computed  and  synoptically  tabulated  with  consummate  skill  and  dili- 
gence by  Mr.  Carrington,  in  the  extensive  and  laborious  work  already 
cited,  and  lead  to  the  following  general  and  highly-remarkable  con- 
clusion— viz.  that  the  period  of  rotation  as  deduced  from  spots  in 
different  latitudes  increases  with  the  latitude  so  far  as  60*^  (beyond 
which  no  observations  are  attainable),  or,  in  other  words,  tiiat  the 
equatorial  regions  of  the  photosphere  revolve  considerably  faster  than 
the  polar.  According  to  the  law  of  dependence  between  the  rotatory 
velocity  and  the  corresponding  latitude  assigned  by  Mr.  Carrington,* 
the  difference  amounts  to  no  less  than  5*89  days,  the  sidereal  revolution 
at  the  equator  being  30*86  days,  and  at  the  pole  (supposing  the  same 
law  carried  on  up  to  the  pole)  24'97  days.  At  50*'  hel.  lat.,  the  revo- 
lution would  be  completed  in  28*36  days. 

Let  us  now  consider  what  is  implied  in  the  law  so  disclosed.  This 
will  depend  much  on  the  supposition  we  may  make  respecting  the 
rotation  of  the  interior  globe,  of  which  we  are  left  in  compilete 
ignorance.  As  extreme  hypotheses  we  may  suppose  its  rotation  to  be 
performed  in  the  least  of  tiie  above-named  times,  or  in  the  greatest ; 
or,  as  a  mezzo  termine,  in  the  intermediate  period  last  mentioned. 

I.  On  the  first  hypothesis,  the  equator  and  the  photosphere  above 
it  will  be  relatively  at  rest,  and  we  eSiall  have  in  analogy  to  the  state 
of  things  prevalent  here  on  earth,  a  region  of  equatorial  ci^lm,  not 
much  £sturbed  for  some  small  number  of  degrees,  <&c.,  to  the  North 
or  South.  As  the  latitude  increases,  the  photosphere,  revolving  in 
continually  longer  and  longer  time,  will  lag  more  and  more  behind  the 
surfieu^  of  the  globe  for  the  time  beneath,  the  result  being  of  course 
what  we  should  call  an  "  East  f  wind,'*  or  relative  current  from  East 
to  West,  increasing  in  intensity  with  the  increase  of  latitude,  and 
attaining,  according  to  Mr.  Oarrington's  formula,  a  maximum  of  in- 
tensity (estimated  by  the  linear  amount  of  momentary  retardation)  at 

*  Mr.  Garriagton*8  formula  for  the  amount  of  diurnal  rotatory  movement  in 
longitude  fbr  a  spot  in  latitude  I  is  865' — 165'  (fidn.  Z)|,  which  is  not  very  dif- 
ferent from  700'+ 165^  (log.  I)*,  which,  however,  he  repudiates  as  representing 
the  observations  less  closely. 

t  Great  and  habitual  confasion  arises  from  the  use  of  the  words  East,  West, 
Easterly,  Westerly,  as  indicating  direction.  By  an  East  wind,  we  would  be  under- 
stood to  mean  a  wind  blowing  from  the  East ;  by  an  Easterly  current  or  drift, 
wheflier  of  air  or  water,  one  which  sets /rom  West  Unoards  the  East. 
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62**  49'  hel.  lat. :  that  is  to  say,  almost  exactly  at  the  latitude  where 
the  spots  cease  to  afford  ns  any  farther  information.  Its  velocity 
estimated  as  a  sar£eu3e  current  at  this  latitnde  wonld  be  357  miles  per 
hour. 

There  is  a  considerable  analogy  in  such  a  system  of  movements  to 
onr  N.E.  and  S.E.  trade-winds.  These  also  are  nil  in  intensity  on  the 
equator,  and  increase  in  strength  with  the  latitude,  up  to  a  certain 
maximnm.  This,  it  is  true,  occurs  in  a  considerably  lower  latitude  than 
53°,  but  in  our  ignorance  of  the  law  of  distribution  of  temperature  over 
the  sun's  surface,  this  can  hardly  be  considered  a  fatol  objection, 
especially  when  coupled  with  the  very  moderate  velocity  (for  such  a 
globe  as  the  sun)  assigned  as  their  maximum.  To  render  it  ap- 
plicable, the  photosphere  (within  the  maculiferous  region)  must  be 
assumed  to  float,  and  be  entirely  contained  in  the  indraft  current  (that 
which  sets  towards  the  sun's  equator),  and  this  must  also  be  (within 
that  region)  the  upper  current,  to  provide  for  the  carrying  back  into 
the  circulation  and  redistribution  of  its  matter  (perhaps  in  a  less 
luminous  state)  over  the  general  surface,  by  the  lower :  constituting 
possibly  the  lower  envelope  which  forms  the  penumbra  of  a  spot ;  the 
spot  itself,  both  umbra  and  penumbra,  being  a  region  in  whidi,  owing 
to  some  cause  of  disturbance,  the  movement  of  the  lower  current  is 
arrested,  and  thrown  into  eddies  and  ripples.  In  this  view  of  things, 
the  temperature  of  the  equatorial  atmosphere  must  be  supposed 
generally  lower  than  that  of  the  polar,  which  is  not  incompatible  with, 
but  on  the  contrary  may  be  caused  by,  a  more  copious  emission  of  heat 
from  the  former  region,  which,  as  Professor  Secchi  assures  us,  is  really 
the  case. 

II.  On  the  second  of  our  two  extreme  hypotheses,  that  which  makes 
the  globe  of  the  sun  revolve  in  30*^*86,  tiie  condusion  is  very  ob- 
vious. As  the  solar  atmosphere  must  then  in  its  entirety  revolve 
quicker  than  the  enclosed  globe,  there  must  prevail  at  every  point  of 
tiie  surfSace  of  the  latter  a  steady  and  uniform  West  wind,  increasing 
r^ularly  in  intensity  from  nil  at  the  poles,  up  to  880  miles  per  hour 
at  the  equator.  As  this  current  must  continually  tend  to  accelerate 
the  rotation  of  the  globe  by  friction,  which  by  the  law  of  reaction  must 
tend  to  induce  a  state  of  relative  quiescence,  while  yet  the  exterior 
current  is  maintained  unabated — this  can  only  be  by  a  force  ab  extray 
and  we  have  nothing  to  fall  back  upon  for  such  a  force  but  the  friction 
of  external  matter  circulating  round  the  sun  according  to  the  laws  of 
planetary  motion,  and  that  of  the  zodiacal  light  (the  plane  of  whose 
greatest  extension  according  to  the  best  account  we  have  of  it,  coin- 
cides with  the  sun's  equator)  is  ready  at  hand.  In  that  case  between 
a  rotation  in  25  days,  that  of  the  photosphere,  and  3  hours  that  of 
planetary  matter  revolving  freely  at  1-1 0th  of  the  sun's  radius  above  its 
surface,  i .  e.  between  a  velocity  of  4,609  miles  per  hour  in  the  former, 
and  1,012,000  in  the  latter  case,  every  intermediate  gradation  of 
velocity  must  subsist,  while  between  the  photosphere  and  the  globe  a 
difference  of  velocity  of  only  880  miles  per  hour  exists. 

However  enormous  this  velocity  of  the  external  matter,  and  what- 
ever the  density  we  may  attribute  to  it,  we  have  to  accept  this  last- 
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mentioned  acceleration  in  the  (no  donbt  exceedingly  rare)  matter  of  the 
solar  atmosphere  at  the  level  of  the  photosphere,  as  the  measure  of  the 
final  result  of  its  impact  and  friction.  And  on  the  theory  of  the  frictional 
generation  of  the  sun's  heat,  it  is  the  amount  of  vis  viva  so  delivered 
into  the  sun  to  which  we  have  to  look  for  the  maintenance  of  its  supply 
of  heat.  It  would  be  superfluous  to  adduce  arguments,  to  show  the 
utter  inadequacy  of  the  cause  to  produce  the  effect.  If  this  be  aU,  the 
origin  of  the  solar  heat  is  as  much  a  mystery  as  ever. 

III.  The  intermediate  hypothesis  may  be  very  summarily  dismissed. 
It  has  not  the  merits  of  either  extreme,  and  is  in  contradiction  to 
both.  It  supposes  a  permanent  west  wind  on  the  equator,  and  is  there- 
fore inconsistent  with  any  Etesian.theory  (of  a  system  of  trades  and 
anti-trades) — and  a  permanent  set  of  the  whole  atmosphere,  beyond  a 
given  latitude,  to  the  westward^  equally  contradictory  to  the  theory  of 
an  external  drift,  the  result  of  planetary  circulation. 

Between  the  two  extreme  hypotheses  there  would  seem  to  exist  a 
crucial  means  of  discrimination.  The  first  undoubtedly  seems  to 
presume  an  average  tendency  of  the  spots  towards  the  sun's  equator, 
while  the  latter  involves  no  conclusion  either  to  that  or  the  contrary 
effect.  On  this  point  however,  observation  is  not  very  positive.  Pro- 
fessor Peters  is  of  opinion  that  there  is  such  a  tendency,  while  Mr. 
Carrington  seems  to  think  the  contrary.  His  synoptic  table  (Observation 
of  Sohur  Spots,  p.  220)  exhibits  an  average,  though  very  small  prepon- 
derance, in  fftvour  of  a  general  movement  towards  the  poles,  on  either  side 
of  the  equator — but  the  individual  differences,  to  whatever  cause 
attributable  are  so  very  much  greater,  as  to  destroy  all  confidence  in 
such  a  conclusion.  From  the  result  of  Professor  Feamley's  observations 
on  the  spot  of  1857,  whose  periods  of  return  went  on  successively 
increasing  on  each  reappearance  of  the  spot,  it  may  fairly  be  concluded 
that  the  spot  was  receding  from  the  equator.  Unfortunately  I  have  not 
been  able  to  ascertain  whether  such  was  really  the  case. 

Mr.  Carrington  puts  forth  a  surmise  (p.  248)  whether  some  part  of 
the  irregularity  in  tiie  maculiferous  activity  of  the  sun  may  not  arise 
from  the  action  of  Jupiter  on  the  zodiacal  light.  To  appretiate  the 
probability  of  this  we  have  only  to  consider — 1st.  That  the  zodiacal 
light  can  hardly  extend  beyond  the  orbit  of  the  earth — assuredly  not 
its  denser  portions.  2nd.  That  its  medial  plane  is  that  of  the  sim's 
equator,  which  is  inclined  5°  or  6"*  to  the  orbit  of  Jupiter,  so  that  it  is 
only  when  near  their  common  node  that  any  addon,  even  on  the 
infinitely  attenuated  portion  of  it  which  may  reach  so  fax,  can  take 
place.  And  8rd.  Tluit  whatever  be  the  form  of  the  zodiacal  light  in 
section,  we  have  no  reason  to  believe  it  other  than  circular  in  plan. 

Let  us  suppose,  however  (and  such  a  supposition  has  not  been 
deemed  inadmissible  in  attempting  to  account  for  the  periodical  return 
of  meteors),  the  existence  of  an  elliptic  ring  of  vaporous,  nebulous,  or 
small  planetary  matter,  with  such  a  major  semiaxis  (4*979)  as  cor- 
responds to  a  periodic  time  of  each  of  its  particles  =  11*11  years ;  of 
sudi  eccentricity  as  to  bring  its  perihelion  within  the  limits  of  the 
solar  envelopes ;  and  revolving  either  in  the  plane  of  the  ecliptic  or 
in  some  other  plane  at  a  more  considerable  inclination  to  the  sun's 
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equator.  Let  it  be  farther  asBiuned  (still  in  analogy  with.  asBomptions 
not  regarded  as  unreasonable  in  the  meteoriferons  ring),  that  the  dis- 
tribution of  the  circulating  matter  in  it  is  not  uniform — ^that  it  has  a 
maximum  and  minimum  of  density  at  nearly,  but  not  quite,  opposite 
points,  and  no  great  regularity  of  gradation  between  them.  It  is  very 
oonceivable  that  the  matter  of  such  a  ring  introducing  itself  with 
planetary  velocity  into  the  upper  and  rarer  regions  of  the  sun's  atmo- 
sphere, at  an  incidence  Migue  to  its  regular  and  uniform  equatorial  drifts 
might  create  such  disturbances  as,  eitiier  acting  directly  on  the  photo- 
sphere, or  intermediately  through  a  series  of  vortices  or  irregular  move- 
ments propagated  through  the  general  atmosphere,  should  break  its 
continuity  and  give  rise  to  spots,  conforming  in  respect  of  their 
abundance  and  magnitude  to  the  required  law  of  periodic  recurrence. 
If  the  change  of  density  from  the  mfl-TimnTn  to  the  minimum  were 
gradual,  but  from  the  minimum  to  the  maximum  more  abrupt,  so  as  to 
allow  the  disturbances  to  subside  gradually,  and  recommenoe  ab- 
ruptly— ^the  fresh  and  violent  impulse  would  be  delivered  first  of  all 
on  a  r^on  remote  from  the  equator  (by  reason  of  the  obliquity  of  the 
ring),  and  would  give  rise  to  a  reconmiencement  of  the  spots  in  com- 
paratively high  latitudes. 

If  the  section  of  such  a  ring  as  we  have  supposed  at  its  aphelion 
were  nil,  the  period  of  11*11  years  would  be  strictly  carried  out;  the 
TTrift-rimft.  and  minima  would  succeed  each  other  with  perfect  regularity, 
and  the  paucity  and  abundance  of  the  spots  in  the  several  phases  of  the 
same  period  would  follow  a  fixed  ratio.  But  if  not,  the  several  parts  of  the 
ring  would  not  revolve  in  precisely  equal  times — the  period  of  1 1  *1 1  years 
would  be  that  of  some  dominant  medial  line,  or  common  axis  of  all  the 
sections  in  which  a  considerable  majority  of  its  matter  was  contained — 
and  the  want  of  perfect  coincidence  of  the  other  revolutions  would 
more  or  less  confuse,  without  obliterating  the  law  of  periodicity,  which, 
supposing  the  difEerence  to  be  comprised  within  narrow  limits,  might 
still  stand  0]it  very  prominently.  Now  it  might  happen  that  there  were 
two  such  medial  lines,  or  more  copiously  stocked  ellipses,  each  having 
a  TTiitTinmnn  and  minimum  of  density,  and  that  their  difference  of 
periodic  times  should  be  such  as  to  bring  round  a  conjunction  of  their 
maxima  in  56  or  any  other  considerable  number  of  years :  and  thus 
would  arise  a  phenomenon  the  exact  parallel  of  Dr.  WoK's  long  period 
and  his  series  of  greater  and  lesser  maxima. 

It  will,  of  course,  be  objected  that  the  resistance  of  the  solar  atmo- 
sphere would  retard  and  ultimately  destroy  such  a  ring.  But  we  must 
bear  in  mind  the  extreme  tenuity  of  this  atmosphere  in  its  upper  regions, 
and  that  our  ring  need  not  consist  of  mere  vaporous  matter.  It  might 
be  a  collection  of  exceedingly  small  planetules,  which,  however  thinly 
dispersed  over  an  immense  space  in  aphdio  and  in  the  remoter  parts  of 
their  orbits,  would  become  crowded  together  in  perihelioj  acting  as  it 
were  by  a  joint  rush  to  produce  the  disturbance,  but  each  individually 
suffering  a  resistance  infinitesimal  compared  to  its  inertia.  The  comet 
of  1843  passed  within  the  region  we  are  contemplating,  and  its  motion 
was  not  destroyed. 

The  orbits  of  our  planetules  would  in  fftct  be^  par  excellence, 
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cometary ;  they  would  snrroimd  the  sun  yery  closely  for  nearly  half 
its  circumference ;  and  if  their  common  perihelion  should  occur  in  or 
near  the  longitude  which  the  earth  has  in  December,  a  preponderance 
of  spots  in  the  antumn  and  winter  months  would  be  far  from  im* 
probable. 

Our  ring  might  lie  in  the  plane  of  the  ecliptic  or  near  it,  and  so 
might  intersect  the  orbit  of  the  Earth,  or  Venus,  or  Jupiter.  Of,  the 
influence  of  such  intersection  we  may  conjecture  much,  but  can  discern 
nothing  distinctly ;  and  our  readers  may  be  disposed  to  think  that  we 
have  adyanced  fiur  enough  already  into  the  regions  of  conjecture. 


STEAM  NAVIGATION,  ITS  EISE,  PE0GEE8S,  AND 

PEOSPECTS. 

By  Mabtin  Samuelbok,  Member  of  the  Institute  of  Ciyil  Engineers. 

It  seldom  occurs  to  the  actiye  minds  engaged  in  the  consideration 
of  man's  age,  and  his  relations  to  the  lower  animals,  that,  in  order  to 
arriye  at  accurate  conclusions  upon  these  subjects,  it  is  necessary,  not 
only  to  study  the  traces  he  has  left  behind  him  in  the  earth's  strata, 
and  the  history  of  his  recent  physical  deyelopment,  but  also  to  direct 
the  attention  to  the  method  in  which  he  has  executed  plans  that  seem 
to  haye  been  prompted  by  some  superhuman — nay,  why  need  we  hesi- 
tate to  say — Diyine  agency. 

How  does  it  happen  that  throughout  the  thousands  of  years  in  the 
historic  record,  as  well  as  in  the  ages  before  the  supposed  date  of  his 
creation,  during  which  we  are  now  taught  to  believe  that  man  existed 
in  dark  ignorance,  not  the  remotest  idea  appears  to  haye  occurred  to 
him  of  the  practicability  of  rendering  the  physical  forces  subservient 
to  his  will ;  and  that  up  to  the  commencement  of  the  present  century, 
his  utmost  attainments  were  unable  to  rescue  him  from  the  power  of 
the  elements  ?  For  it  is  only  an  afi&dr  of  yesterday  that  he  was  bound 
to  go  or  stay,  to  lie  becalmed  or  be  driven  he  knew  not  whither  across 
the  boundless  main,  as  it  pleased  the  volition  of  the  tempest. 

And  again,  dismissing  for  the  present  the  consideration  of  the 
marvellous  strides  which  were  made  in  the  new  locomotive  enterprise 
after  it  was  once  fairly  started,  is  it  not  a  matter  for  reflection,  as  we 
look  abroad  over  the  nations  of  the  earth,  to  And  perhaps  side  by  sidb 
with  the  Leviathan  (for  it  is  more  than  probable  that  she  may  one  day 
be  ploughing  her  way  across  the  Pacific  Ocean)  the  hoUowed-out  trunk 
of  a  troe,  the  primitive  boat,  filled  with  naked  savages  and  propelled 
by  paddles  which,  with  the  boat  itself^  may  have  been  shaped  by  means 
of  the  serrated  bone  of  some  predaceous  fish  ? 

Who  will  venture,  with  such  a  contrast  before  his  eyes  to-day,  to 
assert  that  man — that  is,  reasoning  man — ^is  not  a. creature  of  yesterday  ? 

It  appears  to  us  to  be  the  Creator's  intention,  just  as  He  has  pre- 
served for  us  the  fossil  remains  of  extinct  species  of  animals,  in  order 
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to  afford  os  a  letrospectiTe  glance  over  the  early  history  of  the  globe 
and  its  animated  freight,  to  have  retained  also,  fresh  and  living  before 
onr  eyes,  the  illustrations  of  aboriginal  barbarism  in  the  persons  of 
men  accompanied  by  their  primitive  i^pliances,  so  that  we  may  not 
excuse  ourselves,  through  ignorance  of  the  past,  from  seeking  to  afford 
a  worthy  example,  and  to  mould  the  minds  of  future  generations. 

These  are  indeed  interesting  subjects  for  the  consideration  of 
ethnologists  and  anthropologists  ;  but  unfortunately  (or  perhaps  we 
should  say  fortunately  for  our  readers)  we  are  unable  to  proceed 
with  such  inquiries,  for  we  are  reminded  that  we  have  undertaken, 
in  the  space  of  a  few  brief  pages,  to  furnish  a  retrospect  of  the 
past  histoiy  of  Steam  Navigation,  and  to  indicate,  in  as  many  lines, 
what  we  believe  to  be  its  future  prospects.  Nor  have  we,  in  the 
performance  of  this  task,  to  overcome  the  last-named  difficulty  alone ; 
that  is,  of  condensing  into  a  few  pages  the  history  of  what  we  shall 
term  a  scientdffc  art,  upon  which  many  volumes,  some  of  them  of  no 
mean  proportions,  have  been  written.  There  is  still  another  fence 
between  our  readers  and  ourselves,  and  that  is  one  in  which  we  shall 
seek  only  to  break  a  gap  for  the  purpose  of  opening  a  commu- 
nication with  those  who  are  likely  to  be  interested  in  our  brief  story. 
Should  the  heads  of  this  narrative  have  the  effect,  as  we  trust  they 
may,  of  whetting  their,  appetites,  and  of  causing  them  to  long  for 
deeper  draughts  from  the  sources  whence  we  have  drawn,  then  indeed 
they  must  widen  the  passage  for  themselves,  and  effect  an  entrance 
into  our  field ;  for  it  would  be  impossible  for  us  to  drag  all  our  tech- 
nicalities through  the  narrow  aperture  which  enables  the  practical  man 
of  science  to  hold  converse  with  the  popular  reader,  or  the  tyro  in 
knowledge. 

Steam  Navigation  has,  during  the  brief  period  of  its  existence  (for 
its  history  extends  but  over  half  a  century),  attained  a  degree  of  per- 
fection which  may  not  be  excelled  for  generations  to  come.  It  haa 
linked,  more  closely  the  tropics  and  the  poles,  the  old  world  and  the 
new;  and,  with  the  exception,  perkajps,  of  the  Electric  Telegraph, 
there  is  no  modem  invention  that  has  effected  more  in  the  cause  of 
civilization  than  the  engine  for  marine  locomotion.  Even  in  its 
relation  to  Electric  Telegraphy,  everyone  must  admit  that  it  has 
been  the  immediate  precursor,  if  not  the  instigator,  of  that  power ; 
for  what  was  left  to  man  after  he  had  succeeded  in  holding  communi- 
cation with  his  fellows  thousands  of  miles  away,  in  the  course  of  a  few 
days,  converting  him  who  was  a  stranger  in  distant  climes  into  an 
immediate  neighbour — what  remained  for  him,  we  say,  but  to  contrive 
the  means  of  bringing  this  one  still  nearer,  for  the  purpose  of  convers- 
ing with  him  as  though  they  abode  under  ihe  same  roof?  Was  it  not 
over  the  well-trodden  path  of  the  Millers,  the  Fultons,  the  Watts,  and 
the  Stephensons,  that  Wheatstone  conceived  the  idea  of  winging  his 
flight? 

Indeed,  with  the  discovery  of  steam  navigation  there  commenced 
quite  a  new  era  in  the  history  of  our  race.  Many  physical  and  mecha- 
nical dif&culties  had  to  be  overcome  before  sufficient  progress  was 
made  in  the  art  to  make  it  the  means  of  extending  the  commerce  of 
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the  world,  of  nonrislimg  the  poor  with  better  food,  or  of  providing 
fresh  comforts  and  luxuries  for  the  rich ;  bat  greatly  as  we  may  plume 
ourselves  as  Englishmen  upon  the  share  we  have  had  in  its  rapid 
development,  still  it  behoves  us,  in  the  spirit  of  impartial  chroniclers, 
to  award  the  merit  of  the  first  discovery  not  to  one  of  our  own  nation, 
but  to  an  intelligent  and  enterprising  foreigner — a  Spaniard. 

Perhaps  the  earliest  account  we  have  of  a  vessel  being  propelled 
by  steam  power  is  contained  in  some  manuscripts  in  the  archives  of 
Salamanca ;  these  appear  to  prove  that  in  the  year  1543  a  naval 
captain,  napied  Don  Blasco  de  Grarray,  invented  a  machine  moved  by 
steam,  and  capable  of  propelling  ships  independently  of  oars  or  sails. 
The  apparatus  referred  to  was  fitted  to  a  vessel  of  about  200  tons, 
caUed  '  La  Santissima  Trinidada,'  and  an  experiment  was  conducted  in 
Barcelona  Beads  on  the  17th  June,  1543,  in  the  presence  of  the  Emperor 
Charles  Y.,  his  son,  Philip  II.,  and  many  illustrious  persons,  which 
resulted  in  the  ship's  attaining  a  speed  of  one  league  per  hour ;  but  the 
apparatus  appears  to  have  been  condemned,  and  no  further  attention 
was  given  to  it,  on  account  of  the  apprehension  of  explosion  from  the 
boiler,  and  the  great  complexity  and  expense  of  the  machine ;  although 
the  Emperor  is  stated  to  have  reimbursed  De  Garray  for  all  ti^e 
expenses  he  had  incurred  in  making  his  experiment. 

In  1736,  Jonathan  Hull  took  out  a  patent  for  applying  the  steam- 
engine  as  a  motive  power  to  propel  ships;  and  quoting  from  the 
description  of  the  invention,  we  have  the  following  : — '*  It  has  been 
demonstrated  that  when  the  air  is  driven  out  of  a  vessel  of  30  inches  dia- 
meter, the  atmosphere  will  press  on  it  to  the  weight  of  4  tons  16  cwt. ; 
and  when  proper  instruments  are  applied  to  it,  it  must  drive  a  vessel 
with  great  force."  He  also  described  the  machinery  for  working  a  pair 
of  paddle-wheels,  and  a  drawing  was  given,  representing  a  tug  towing 
a  two-decker  against  the  wind,  this  tug  having  a  chimney  frt>m  which 
smoke  issued,  and  in  the  after  part  of  the  boat  was  an  engine  working 
two  paddle-wheels  attached  to  spars  abaft  each  quarter.  But  the 
steam  engine  was  at  this  time  in  a  very  imperfect  state,  so  that  no 
practical  success  was  attained,  although  a  vast  number  of  experimenta 
were  made  by  many  ingenious  men. 

It  was  not  until  the  towering  genius  of  Watt  had  made  the  steam- 
engine  the  complete  and  elegant  machine  that  it  now  is,  that  steam 
navigation  began  to  exhibit  any  signs  of  success ;  and  we  therefore  pass 
over  the  various  experiments  (many  of  them  unsuccessful)  which  were 
made,  until  we  come  to  those  of  William  Patrick  Miller,  who  in  1787 
took  out  a  patent  for  paddle-wheels  (very  similar  to  those  at  present 
used)  for  propelling  vessels  ;  and  a  Mr.  Symington  having  about  this 
time  patented  a  new  application  of  the  steam-engine,  was  introduced  to 
Mr.  Miller ;  and  they  between  them  contrived  to  make  a  small  steamer, 
which  moved  at  the  rate  of  five  miles  per  hour ;  but  this  was  little 
more  than  a  toy,  as  the  cylinder  was  only  4  inches  diameter.  It  may 
be  interesting  to  the  reader  to  know  that  the  engine  last  referred  to 
may  be  seen  in  the  South  Kensington  Museum. 

In  1788,  John  Fitch  obtained  a  patent  for  the  application  of  steam 
to  naviiEation  in  the  states  of  Pennsylvania^  New  York,  New  Jersey, 
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and  Delaware ;  he  indnoed  seyeral  moneyed  men  to  assist  liim,  and  after 
a  considerable  outlay,  constracted  a  steam-boat,  wbich,  however,  only 
attained  a  speed  of  3  miles  an  hour.  The  shareholders  were,  notwith- 
standing, induced  to  make  another  trial;  and  a  second  vessel  was 
completed,  which  went  8  miles  an  hour. 

Another  American,  James  Bamsey,  had  also  taken  out  a  patent, 
and  in  1788  he  came  over  to -England,  where  he  induced  a  wealthy 
American  merchant  to  join  him  in  building  a  steam-boat ;  but  Bamsey 
died  before  its  completion.  The  vessel  was  finished  and  afloat  in 
1793,  when  she  made  several  trips  on  the  Thames,  effiscting  about 
4  knots  per  hour. 

In  the  year  1801,  Lord  Dundas,  a  Lu^  proprietor  in  the  Forth 
and  Clyde  Canal,  employed  Mr.  Symington  to  conduct  a  series  of  expe- 
riments on  steam-boats,  in  order  that  l£ey  might  be  substituted  for  the 
horses  which  were  used  for  drawing  the  canal  boats.  These  experi- 
ments resulted  in  the  construction  of  the  first  pr<tctieal  sieanAdaty 
named  the  '  Charlotte  Dundas.'  The  particulars  of  the  trial  of  this 
boat  are  described  as  follows : — 

"  Having  previously  made  various  experiments,  in  March,  1802,  at 
Lock  No.  20,  Lord  Dundas,  the  great  patron  and  steam-boat  promoter, 
along  with  Archibald  Spur,  Esq.,  of  Elderslie,  and  several  gentlemen 
of  their  acquaintance,  being  on  board  the  steam-boat,  took  in  tow  two 
loaded  vessels,  the  '  Active '  and  '  Euphemia '  of  Grangeworth,  Grow 
and  Ephine  masters,  each  upwards  of  70  tons  burden,  and  with  great 
ease  carried  them  through  the  long  reach  of  the  Forth  and  Clyde 
Canal  to  Port  Dundas,  a  distance  of  19^  miles,  in  six  hours,  although 
during  the  whole  time  it  blew  a  very  strong  breeze  right  ahead,  so 
much  so  that  no  other  vessel  could  move  to  windward  in  the  canal 
that  day." 

This  placed  beyond  a  doubt  the  utility  of  the  steamer  in  canals 
and  rivers,  and  ultimately  on  the  seas.  Li  spite,  however,  of  the  great 
success  of  this  experiment,  objections  were  raised  by  the  proprietors 
of  the  navigation  to  the  use  of  steam-boats,  feazfol  lest  the  banks  of 
the  canal  would  suffer  from  the  wash  of  the  undulation  produced  by 
the  paddle-wheels.  The  *  Charlotte  Dundas '  was  therefore  laid  aside, 
and,  with  very  few  exceptions,  no  further  experiments  have  been  made 
with  steam  navigation  in  canids ;  where  such  has  been  the  case,  the 
screw  has  been  resorted  to. 

In  1806,  Robert  Fulton,  an  American  engineer,  commenced  a 
steam-boat,  which  was  completed  in  1807,  and  destined  to  run  between 
New  York  and  Albany,  a  distance  of  146  miles,  which  she  accom- 
plished in  about  30  hours.  The  terror  and  surprise  of  the  people  at 
Albany  was  very  great  when  they  saw  this  strange  ship  approaching 
them,  and  is  thus  described  by  an  American  journalist : — 

"  She  had  the  most  terrific  appearance  from  other  vessels  that  were 
navigating  the  river.  The  steamer,  as  many  do  now  in  America,  used 
dry  pine  wood  for  fuel,  which  sent  forth  a  column  of  ignited  vapour 
many  feet  above  the  flue ;  and  whenever  the  fire  was  stirred,  a  galaxy 
of  sparks  flew  off,  and  in  the  night  had  a  very  beautiful  appearance. 
Notwithstanding  the  wind  and  tide  were  averse  to  its  approach,  they 
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saw  with  astonishmezit  that  it  was  rapidly  coming  towards  them ;  and 
when  it  came  so  near  that  the  noise  of  the  machinery  and  paddles  was 
heard,  the  crews  in  some  instances  shrunk  beneath  their  decks  from 
the  terrific  sight,  and  left  their  yessels  to  go  ashore ;  while  others 
prostrated  themselves  and  besought  Providence  to  protect  them  from 
the  approach  of  the  horrible  monster  which  was  marching  on  the  tide, 
and  lighting  its  path  by  the  fire  which  it  vomited/' 

She  was  called  the  '  Clermont,'  and  was  the  first  steamer  which,  as 
well  as  being  a  practical  success,  remunerated  her  owners. 

About  this  time,  a  countryman  of  Fulton's,  John  Cox  Stevens,  had 
completed  a  steamer ;  but  as  Fulton  had  obtained  the  exclusive  right 
of  navigating  the  waters  of  the  state  of  New  York,  Stevens  boldly 
determined  to  convey  his  ship  to  the  Delaware  by  sea :  he  was  thus 
the  first  who  took  a  steam-boat  to  sea.  Fulton  had  much  prejudice  to 
overcome  in  introducing  steam  navigation,  but  the  Americans  soon 
became  aware  of  the  immense  commercial  advantage  that  must  result 
from  its  adoption,  and  accordingly  steamers  multiplied  with  great 
rapidity,  so  that  in  the  year  1821  &ere  were  not  less  than  300  steamers 
at  work  in  America. 

Betuming  again  to  England,  it  was  not  until  the  year  1812  that 
steam  navigation  was  brought  into  practical  use  in  this  country,  when 
Mr.  Henry  Bel]  started  on  the  Clyde  a  small  steam-boat,  called  the 
'  Comet.'  She  was  only  40  feet  long,  10  feet  6  inches  beam,  and  of 
3i  horse-power.  There  was  nothing  novel  in  this  small  boat,  and,  in 
fiict,  Symington's  *  Charlotte  Dundas,'  which  has  already  been  referred 
to,  was  a  &r  more  perfect  steamer  than  either  Fulton's  '  Clermont '  or 
Bell's  ^  Comet ;'  but  great  merit  is  due  to  Bell  that  he  succeeded  in 
establishing  steam  navigation  in  this  country,  just  as  Fulton  had  done 
in  America.  To  Symington,  however,  is  due  the  honour  of  having 
constructed  the  first  practical  steam-boat. 

From  this  time  the  number  of  steam-boats  began  to  augment  with 
astonishing  rapidity,  not  on  the  Clyde  alone,  but  on  many  of  the  prin- 
cipal rivers  of  England.  The  steam  navigation  of  rivers  having  now 
become  an  establi^ed  fact,  enterprise  soon  determined  that  steamers 
should  be  sent  to  sea.  Accordingly,  in  1815,  the  'Bob  Boy,'  a 
steamer  of  90  tons  and  80  horse-power  commenced  running  between 
Glasgow  and  Belfast,  and  was  therefore  the  first  regular  sea-going 
steamer  in  England. 

In  1816,  several  wealthy  men  formed  a  company  for  the  purpose 
of  establishing  a  line  of  steamers  between  Dublin  and  Holyhead ;  they 
had  two  built,  the  '  Britannia '  and  '  Hibemia,'  both  of  107  tons  and 
20  horse-power.  In  this  early  stage  of  steam  navigation  they  accom- 
plished the  run  with  tolerable  regularity,  but  the  defects  in  the  form 
of  the  ships  and  the  imperfection  of  the  machinery  caused  them  even« 
tually  to  be  placed  on  one  side.  The  problem  of  making  successful 
sea-going  steamers  being  now  thoroughly  solved,  they  began  rapidly  to 
increase  their  numbers,  and  steam  navigation  quickly  extended  to 
other  countries,  France,  Bussia,  and  Holland  all  pressing  forward  to 
participate  in  tiie  grand  invention.    It  would  be  needless  to  enumerate 
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the  Tarions  Bteamera  which  now  made  their  appearance  in  eyeiy  part 
of  this  country. 

The  first  regular  steamer  which  plied  on  the  Thames  was  the 
*  Margery,'  of  70  tons  and  14  horse-power.  She  made  the  trip  from 
London  to  Gravesend  in  one  day,  returning  the  next ;  but  another 
steamer,  called  the  '  Thames,'  soon  eclipsed  her  performance,  making 
the  trip  there  and  back  in  the  same  day. 

In  1822,  a  company  was  formed,  with  the  bold  idea  of  establishing 
a  steam  communication  with  India  by  what  is  so  well  known  as  the 
Overland  Boute.  It  became  necessary  that  steamers  should  be  placed 
in  the  Bed  Sea  to  meet  those  coming  from  England,  and  accordingly  a 
vessel  called  the  'Enterprise'  was  built  and  launched  by  Messrs. 
Gordon  of  Deptford,  in  February,  1825  ;  she  was  rigged  as  a  three- 
masted  lugger,  and  was  fitted  with  engines  of  120  horse-power,  by 
Messrs.  Maudslay.  The  boiler  was  of  copper,  and  in  one  piece, 
weighing  32  tons ;  her  consumption  of  fuel  was  about  12  tons  per  24 
hours.  She  sailed  from  Falmouth  deeply  laden  with  coal  for  the 
voyage,  on  the  16th  August,  1825,  and  arrived  in  Diamond  Harbour, 
Bengal,  7th  December,  the  distance  being  13,700  miles ;  which  was 
therefore  accomplished  in  113  days,  whereof  63  were  under  steam  and 
40  under  sail,  the  remaining  ten  days  having  been  occupied  in  cleaning 
her  boiler  at  St.  Thomas  and  in  coaling  at  the  Cape.  The  result  of 
this  experiment  was  veiy  disappointing,  botii  to  the  public  and  the 
shareholders,  as  they  had  anticipated  that  less  than  80  days  would 
have  suf&ced  for  the  voyage.  Government,  however,  bought  the  ship 
for  40,0002.,  so  that  the  enterprising  speculator  lost  but  little ;  she 
was  used  in  the  Burmese  war  with  great  success.  Although,  however, 
the  'Enterprise'  had  not  realized  the  expectation  of  the  projectors, 
we  cannot  but  regard  her  as  a  success,  for  she  was  in  a  great  measure 
the  pioneer  in  long  steam  sea-voyages. 

In  1827,  Government  estabUshed  a  line  of  steamers  between  Fal- 
mouth and  the  Mediterranean ;  these  vessels  averaged  throughout  the 
year  7^  knots  per  hour.  At  Bombay,  in  1830,  a  steamer  was  built  of 
400  tons  burthen  and  160  horse-power,  named  the  '  Hugh  Lindsay,' 
with  the  object  of  establishing  steam  communication  between  Bombay 
and  Suez;  and  on  the  20th  March  she  started  from  Bombay,  and 
reached  Aden  (where  a  coaling  station  had  been  provided)  on  the  7th 
April,  and  thence  to  Suez,  where  she  arrived  on  the  29th  May.  This 
voyage  falfilled  its  object  in  showing  the  practicability  of  a  rapid 
steam  communication  with  Europe,  and  eventually  led  to  the  establish- 
ment of  the  Peninsular  and  Oriental  Company. 

In  1836,  a  company  was  incorporated  at  Bristol  with  the  magnifi- 
cent project  of  Transatlantic  steam  navigation.  Hitherto,  no  steamers 
of  any  great  magnitude  had  been  constructed,  and  those  which  had 
made  long  voyages  had  depended  on  their  sails  as  much  as  on  their 
steam  power ;  but  this  company,  which  was  called  the  Great  Western 
Steam  Navigation  Company,  felt  convinced  that  to  convey  passengers 
and  mails  with  regularity,  they  must  depend  on  their  steam  power 
only.     To  accomplish  this,  hoT^ever,  the  ship  would  be  compelled  to 
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carry  a  very  large  quantity  of  coal,  and  most  be  provided  with  great 
engine  power ;  she  would  therefore  have  to  be  constructed  of  such 
dimensions  as  would  enable  her  to  comply  with  these  requirements  ; 
hence  they  determined  to  build  a  ship  of  wood,  called  the  '  Great 
Western.' 

She  was  built  at  Bristol  in  the  year  1837,  by  Mr.  William  Patterson ; 
her  principal  dimensions  being  212  feet  by  35  feet  beam  and  34  feet 
deep.  These  dimensions  were  at  that  time  considered  gigantic,  and 
the  idea  of  being  able  to  make  a  steamer  of  these  proportions  (that  is 
to  say,  of  so  great  a  length  in  comparison  with  her  breadth)  to  cross 
the  Atlantic  with  safety  was  scouted  by  many  scientific  men  as  utterly 
impracticable ;  one  of  the  great  objections  raised  being  that  such  a 
ship  must  inevitably  break  her  back  when  poised  between  two  waves, 
the  middle  being  unsupported.  Dr.  Lardner  was  the  foremost  amongst 
the  scientific  men  of  tiie  day  who  proved  most  satisfactorily  to  "  him- 
self"  that  the  *  Great  Western '  must  be  an  utter  failure,  both  from  a 
scientific  point  of  view  and  also  as  a  mercantile  speculation ;  and  yet 
Lardner  has  compiled  many  really  useful  works,  and  has  miinifested 
considerable  intelligence  on  most  subjects  with  which  he  has  dealt. 
It  certainly  shows  us  how  easily  scientific  theorists,  arguing  from 
assumed  data  and  not  from  experiment,  are  led  to  make  the  most  posi- 
tive assertions,  which  prove  to  be  wide  of  the  actual  results ;  at  the 
same  time  we  must  not  forget  that  sound  practice  can  only  be  acquired 
in  conjunction  with,  or  assisted  by,  sound  theory ;  the  latter  should, 
however,  always  be  deduced  from  careful  experiment. 

In  spite  of  the  forebodings  of  Dr.  Lai^er  and  other  wise  pro- 
phets, the  '  Great  Western '  was  built  and  successfully  launched,  being 
at  that  time  regarded  as  a  greater  wonder  than  is  the  unfortunate 
*  Great  Eastern '  at  this  day. 

She  was  fitted  with  side  lever-engines  of  420  horse-power,  manu- 
factured by  Messrs.  Maudslay,  Sons,  and  Field,  of  London;  the 
cylinders  were  74  inches  diameter,  with  a  stroke  of  7  feet ;  the  paddle- 
wheels  were  28  feet  diameter,  the  paddle-boards  being  10  feet  long, 
2  feet  wide,  and  20  in  number.  At  length  this  wonder  of  steam-ships 
was  ready  for  sea,  and  on  the  8th  April,  1837,  she  started  on  her  first 
voyage  across  the  Atlantic,  with  only  7  passengers  on  board.  The 
run  to  New  York  was  accomplished  in  15  days  10  hours,  which  was 
certainly  for  that  time  a  very  remarkable  performance ;  and  towards 
the  end  of  May  she  made  her  appearance  in  England  with  66  passen- 
gers, having  performed  the  voyage  in  14  days ;  thereby  falsifying  the 
sage  predictions  of  those  worthy  philosophers  who  had  so  confidentially 
prophesied  her  incapacity  to  cross  the  Atlantic  Ocean.  She  continued 
to  run  with  the  greatest  success,  weathering  the  most  tremendous  gales, 
and  proving  herself  to  be  what  might  well  be  called,  even  in  these 
advanced  days  of  steam  navigation,  a  most  satisfactory  ship.  As  a 
specimen  of  sound  shipbuilding,  good  engineering,  and  mercantile 
prosperity,  she  was  an  unexceptionable  undertaking.  She  was  econo- 
mical witib  her  coal,  burning  from  36  to  42  tons  per  day,  or  about  4  to 
4^1bs.  per  indicated  horse-power  per  hour,  a  consumption  of  fuel  quite 
as  economical  as  that  of  the  average  of  steamers  at  the  present  time. 
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80  that  we  have  not  effected  much  in  the  economy  of  fael  within  the 
last  twenty-five  years. 

This  admirable  steamer  was  broken  up  only  a  few  years  since  in 
the  Thames. 

By  a  strange  coincidence,  a  steamer  called  the  '  Sirius '  started  on 
the  same  day  with  the  '  Great  Western/ — the  8th  April ;  she  also 
was  designed  with  the  same  object  as  the  *  Great  Western/  but  she 
occupied  19  days  in  making  the  voyage  from  Cork  to  New  York,  not- 
withstanding that  she  was  aided  by  her  sails ;  so  that  to  the  '  Great 
Western '  is  due  the  glory  of  having  first  completed  a  successfnl  trans- 
atlantic voyage,  and  she  crossed  the  Atlantic  no  less  than  84  times 
between  her  first  voyage  and  the  year  1844. 

The  complete  success  of  the  *  Great  Western '  led  the  directors  of 
the  Great  Western  Steam-Ship  Company,  under  the  advice  of  the  late 
Mr.  Brunei,  to  greatly  extend  their  former  efforts,  and  a  steamer  of 
colossal  dimensions  was  projected  as  being  likely  to  prove  a  propor- 
tionately greater  success,  both  as  a  ship  and  as  a  mercantile  speculation. 
The  celebrated  steamer  '  Great  Britain  '  was  the  result  of  this  deter- 
mination. But  at  this  time  the  use  of  iron  in  preference  to  wood  for 
shipbuilding  purposes  was  strongly  advocated  by  many  able  men,  and 
several  iron  steamers  had  already  been  most  successfully  constructed  ; 
hence,  after  careful  investigation  into  the  comparative  merits  of  iron 
and  wood,  and  with  the  advice  of  Mr.  Brunei,  it  was  resolved  that  the 
new  ship  should  be  built  of  iron.  Her  principal  dimensions  are — 
length  between  perpendiculars,  289  feet;  breadth,  51  feet;  depth, 
32^  feet ;  tonnage,  3,433  old  measurement.  The  keel  of  the  vessel 
was  laid  in  July,  1839,  and  she  was  launched  in  the  presence  of  his 
Eoyal  Highness  the  late  Prince  Consort,  19th  July,  1843.*  At  that 
time  she  was  considered  of  gigantic  proportions,  and  we  cannot  but 
admire  the  bold  enterprise  and  masterly  conception  of  the  projectors. 
She  naturally  excited  intense  curiosity,  and  was  visited  by  immense 
numbers  of  spectators,  including  shipbuilders,  engineers,  naval  officers, 
and  distinguished  savants  of  every  nation.  At  this  time  Mr.  Smith 
had  most  satisfiustorily  developed  tiie  fitness  of  the  screw  as  a  propeller 
for  steam-ships  in  the  elaborate  experiments  of  the  *  Archimedes '  and 
H.M.S.  '  Battler.'  It  was  with  the  latter  vessel  that  an  interesting 
experiment  was  tried,  for  the  purpose  of  comparison  between  the  screw 
and  paddle-wheels  as  propellers.  The  *  Battler'  was  precisely  the 
same  form  and  power  as  the  '  Polyphemus '  paddle-steamer.  The  two 
ships  were  tied  together,  and  steamed  away  as  rapidly  as  they  could  ; 
the  result  being  that  the  '  Polyphemus '  had  to  give  in  to  her  rival,  the 
'  Battler.'  Mr.  Brunei,  in  consequence,  strongly  advocated  the  appli- 
cation of  the  screw  to  the  '  Great  Britain/  and  it  was  finally  determined 
that  she  should  be  fitted  with  one.  She  was  therefore  provided  with 
very  ponderous  machinery  of  1,000  horse-power ;  the  engines  consist- 

*  A  period  of  four  years.  What  would  become  of  Steam  Navigation,  and  in 
fact,  of  the  commerce  of  this  coimtry  if  shipbuilding  had  remained  stationary  in 
this  particular?  There  are  now  fiims  in  England  who  can,  in  one  yea-,  execute 
orders  for  vessels  in  the  aggregate  amounting  to  six  times  tlie  tonnage  of  the 
<Oreat  Britain.* 
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iug  of  4  cylinders,  88  inches  diameter  and  6  feet  stroke ;  on  the  shaft 
of  the  engines  a  great  drum,  18  feet  diameter,  was  fbced,  and  the  screw 
shaft  was  also  provided  with  a  drmn  6  feet  diameter,  and  the  motion 
was  commmiicated  from  the  engine  to  the  screw  shaft  by  means  of  four 
chains,  so  that  the  screw  made  three  revolutions  to  one  of  the  engine. 
She  had  six  masts,  with  iron  rigging,  as  offering  less  resistance  to  a 
head  wind  than  the  ordinary  rigging.  The  mid-ship  section  of  the 
ship  is  of  a  peculiar  form,  the  sides  falling  in  very  much,  so  that  at  a 
light  draught  she  would  not  be  nearly  so  broad  at  her  water-line  as  at 
a  deeper  immersion ;  but  before  she  left  the  works  it  was  deemed 
advisable  to  put  her  machinery  on  board.  The  effect  of  this  was  that 
she  was  brought  to  her  bearings  at  the  greatest  beam,  and  having  to 
pass  through  a  lock,  it  was  foimd  that  the  widest  part  of  the  ship  came 
in  contact  with  it,  and  it  was  necessary  to  widen  the  upper  portion  of 
the  lock  to  enable  the  vessel  to  pass  through  into  the  river.  At  last 
she  started  on  her  trial  trip,  and  her  machinery  and  propeller  gave  the 
greatest  satisfaction.  She  made  the  voyage  across  the  Atlantic  in  the 
most  successful  manner  untU  she  was  unfortunately  stranded  in  Dun- 
drum  Bay,  where  she  lay  a  whole  winter ;  but  by  l^e  unceasing  efforto 
of  Captain  Clazten  and  Mr.  Bremner,  she  was  at  length  raised,  removed 
from  her  perilous  situation,  and  taken  to  Liverpool,  where  she  was 
thoroughly  repaired.  Her  machinery  having  been  most  seriously 
injured,  it  was  taken  out  and  replaced  by  a  pair  of  oscillating  geared 
engines,  by  Messrs.  John  Penn  and  Son,  of  500  horse-power,  or  only 
hiJf  the  power  with  which  she  was  originally  provided;  but  wi^ 
these  new  engines  she  accomplished  even  a  greater  speed  under  steam 
than  she  had  attained  with  the  old  machinery,  which  was  altogether 
disproportionate  to  her  size.  Her  rig  was  also  altered,  and  she  is  now 
ship-rigged,  and  as  handsome  as  any  steamer  entering  the  port  of 
Liverpool.  She  has  made  some  of  the  fastest  voyages  to  Australia  and 
back  on  record,  and  may  &irly  be  deemed  one  of  the  most  sncoessM 
and  splendid  steamers  ever  built. 

The  '  Great  Western '  having  led  the  way,  there  were  soon  plenty 
of  followers,  and  magnificent  steamers  began  to  multiply,  amongst 
which  we  may  mention  the  *  British  Queen '  and  the  '  President,'  die 
total  loss  of  which  was  such  a  terrible  disaster  in  the  early  days  of 
transatlantic  steam  navigation.  Then  we  have  the  splendid  fleet  of 
the  West  India  Mail  Company ;  the  Collins'  line,  with  its  '  Arctic,' 
'  Pacific,'  ^  Baltic,'  *  Atlantic,'  &c. ;  the  Cunard  line,  with  its  '  Acadia,' 
^  Asia,'  '  Arabia,'  and  the  magniflcent  *  Persia '  and  *  Scotia.'  The 
'  Persia '  constituted  another  great  advance  in  size  and  speed.  This 
magnificent  steamer  was  built  by  Mr.  Bobert  Napier,  of  Glasgow,  and 
was  launched  the  3rd  July,  1855 ;  her  extreme  length  is  389  feet ; 
breadth  45  feet,  and  over  the  paddle-boxes  71  feet  6  inches,  and  her 
depth  31  feet  6  inches.  She  is  fitted  with  side-lever  engines  of  850 
horse-power ;  cylinders  100^  inches  diameter,  with  a  stroke  of  10  feet ; 
she  has  eight  boilers,  with  five  furnaces  in  each;  and  her  paddle- 
wheels  are  38  feet  6  inches  diameter,  the  floato  being  10  feet  8  inches 
by  2  feet,  and  28  in  number.  She  carries  1,200  tons  of  coal,  and  her 
displacement  at  22  feet  draught  is  5,400  tons. 
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The  '  Scotia '  is  a  sistei^fihip,  but  a  little  larger. 

Then  we  have  the  superb  fleet  of  the  Peninsular  and  Oriental 
Company — the  *  Pera,'  *  Ceylon/  *  Massilia,'  *  Delta/  *  Simla ;  *  and 
for  this  Company  also  was  built  the  magnificent  screw  -  steamer 
'  Himalaya/  by  Messrs.  C.  J.  Mare  and  Co.,  in  1853 ;  her  extreme 
length  being  372  feet ;  breadth  for  tonnage  46  feet  2  inches,  and  depth 
of  hold  24  feet  9  inches ;  she  is  fitted  with  horizontal-trunk  engines, 
by  Messrs.  J.  Penn  and  Son ;  cylinder  84  inches  diameter,  and  3  feet 
6  inches  str6ke ;  her  propeller  is  18  feet  diameter,  and  28  feet  pitch. 
She  was  purchased  by  Government  for  a  transport  ship  during  the 
Crimean  war,  and  on  one  occasion  she  conveyed  418  troops  and 
372  horses  from  Liverpool  to  Constantinople,  a  distance  of  3,620  miles 
in  a  little  over  14  days,  although  she  partly  lay-to  from  stress  of 
weather  between  Cape  St.  Vincent  and  Gibraltar. 

We  now  arrive  at  a  period  in  the  history  of  steam  navigation  to 
which  it  is  impossible  to  refer  without  a  passing  word  of  reflection. 
In  the  beginning  of  this  article  we  spoke  of  the  extraordinary  enter- 
prises that  Man  has  from,  time  to  time  undertaken,  as  it  were,  by 
inspiration ;  and  if,  in  this  respect,  there  be  one  more  marked  than 
any  other,  illustrating  at  the  same  time  the  active  restlessness  of  his 
reasoning  nature,  it  is  the  undertaking  we  have  now  to  record,  namely, 
the  construction  of  the  '  Leviathan/  or,  as  she  is  at  present  called, 
the  '  Groat  Eastern.' 

Li  days  of  yore,  the  "  wonders  of  the  world  "  presented  indelible 
records  of  Man's  superstition,  of  his  artistic  taste,  and  of  his  prowess 
in  war ;  and  we  have  surviving  to  the  present  time  the  Sphinx,  the 
ruins  of  beautiful  temples,  the  Great  WcJl  of  China,  &c. ;  all  enter- 
prises of  the  same  essential  nature.  The  construction  of  the  '  Levia- 
than '  is,  however,  not  only  characteristic  of  the  great  attribute  of  our 
age,  namely,  utilitarian  enterprise,  but  it  has  developed  the  minds  of 
men  in  a  new  direction,  and  thus  led  to  a  greatly-extended  application 
of  the  physical  forces.  The  origin  of  the  idea  which  led  to  the 
building  of  the  great  ship  was  this  : — 

All  the  steamers  to  which  reference  has  been  made,  great  as  they 
were,  could  not  carry  sufficient  coal  for  a  very  long  voyage  without 
deviating  so  much  from  the  direct  route  to  obtain  fresh  supplies  of 
fuel  at  the  coaling  stations,  as  to  greatly  lengthen  the  voyage ;  thus 
in  steaming  round  the  Cape  to  India  or  Australia  they  would  have  to 
call  at  St.  Vincent,  the  Cape  of  Good  Hope;  and  tiie  Mauritius,  to 
obtain  coal,  which  had  to  be  sent  out  to  those  places.  Hence  steamers 
which  have  accomplished  the  voyage  to  Australia  in  a  very  short 
time  have  lost  immense  sums  of  money  through  the  ruinous  price  of 
fuel  at  these  stations,  in  spite  of  their  having  both  a  fall  cargo  and 
complement  of  passengers;  and  in  exbra  long  voyages  fitst-sailing 
clippers  have  altogether  beaten  the  steamers,  inasmuch  as  they  have 
eflected  the  passage  to  Australia  in  quite  as  short  time  as  the  fiiistest 
isteamers. 

Brunei  therefore  proposed  that  a  ship  should  be  built  of  such 
dimensions  as  would  enable  her  to  carry  sufficient  coal  for  the  longest 
voyage ;  and  as  the  cost  of  this  coal  at  home  would  be  about  one-third 
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of  the  average  price  paid  on  the  voyage  to  Australia  for  ordinary 
steamers,  she  would  be  worked  with  far  greater  economy  than  other 
boats,  besides  making  the  voyage  in  a  much  shorter  period.  It  was 
with  this  object  that  the  *  Great  Eastern '  was  projected. 

This  gigantic  vessel  was  constructed  by  Mr.  John  Scott  Eussell, 
under  the  superintendence  and  direction  of  Mr.  Brunei;  her  prin- 
cipal dimensions  being  691  feet  extreme  length ;  680  feet  between  the 
perpendiculars;  breadth  across  paddle-boxes,  118  feet;  breadth  of 
hull,  83  feet ;  depth,  58  feet ;  and  her  tonnage  by  the  old  measure- 
ment, 22,500  tons ;  she  has  stowage  for  6,000  tons  of  cargo,  and  her 
coal-bunkers  will  hold  12,000  tons.  She  is  built  on  what  is  termed 
the  cellular  principle,  being  similai'  in  construction  to  the  tubes  of 
the  Menai  Bridge,  so  that  she  is  virtually  a  double  ship,  or  one  vessel 
placed  inside  of  another,  with  partitions  numing  foi-e  and  aft  between 
her  two  *'  skins."  She  is  divided  into  twelve  water-tight  compart- 
ments, and  the  weight  of  iron  in  the  hull  is  8,000  tons.  She  is  pro- 
pelled by  a  combination  of  paddle-wheels  and  screw.  The  engines 
for  working  the  paddles  consist  of  four  oscillating  cylinders  74  inches 
diameter  and  14  feet  stroke,  each  cylinder  complete  weighing  38  tons ; 
they  are  of  1,000  nominal,  or  3,538  indicated  horse-power.  The 
paddle-wheels  are  56  feet  diameter,  and  the  floats  are  13  feet  by  3  feet, 
and  30  in  number.  The  screw-engines  consist  also  of  four  cylinders 
86  inches  diameter  and  4  feet  stroke,  and  are  of  1,600  nominal,  or 
4,610  indicated  horse-power ;  the  screw  is  24  feet  diameter,  and 
44  feet  pitch.  The  boilers  for  this  stupendous  machinery  are  ten  in 
number,  each  boiler  weighing  upwards  of  50  tons ;  four  of  them  drive 
the  paddle-engine,  and  six  the  screw.  She  has  also  powerful  auxiliary 
engines  for  turning  the  screw  when  under  sail,  and  has  no  less  than 
ten  donkey-engines  for  pumping,  and  for  various  other  purposes. 

She  possesses  accommodation  for  800  first-class  passengers,  2,000 
second-class,  and  1,200  third-class ;  and  her  principal  saloon  is  100  feet 
long,  36  feet  wide,  and  13  feet  high.  The  consumption  of  coal 
amounts  to  12i  tons  per  horn*,  and  the  greatest  speed  by  paddles 
and  screw  separately  is  as  follows : — Paddles  alone,  8  knots ;  screw 
alone,  9  knots ;  giving  the  screw  a  decided  preference  over  the  paddles. 
The  cubic  feet  in  paddle  engine-room,  iixduding  boiler  space,  is 
116,000 ;  and  the  cubic  feet  in  the  screw  engine-room,  including  boiler 
space,  is  112,000 ;  mean  draught  of  water,  23  feet  8^  inches ;  mean 
effective  diameter  of  paddles,  48  feet  7|  inches ;  mean  slip  of  paddles, 
17*4  per  cent. ;  mean  slip  of  screw,  17*9  per  cent. ;  mean  consumption 
of  coal  per  hour,  12i  tons ;  mean  miles  per  hour,  lir^ ;  coal  consumed 
per  indicated  horse-power,  3^  lbs. ;  ditto  per  nominal  horse-power, 
11^  lbs. ;  greatest  distance  nm  in  24  hours,  360  miles  ^  mean  revo- 
lution of  paddles  per  minute,  lOi ;  of  screw,  36| ;  mean  displacement, 
19,273^  tons;  or,  with  5,000  tons  of  coals  on  board  at  24  feet 
10  inches  draught,  20,940  tons. 

As  a  specimen  of  expert  workmanship  and  strength  the  'Great 
Eastern '  has  never  been  excelled. 

The  following  particulars  of  length  and  beam  of  some  of  the 
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principal  transatlantic  and  war  steamers  will  give  a  general  idea  of 
the  size  of  the  monster  steamer  last  alluded  to. 

Comparative  Dimensions  of  a  few  of  the  Largest  Steamers. 

Boat.  Length.  Brvadth. 


Great  Western  . 
Great  Britain 
Himalaya  •  .  • 
Persia  .... 
Duke  of  Wellington 
Warrior  .  .  . 
Great  Eastern 


1.838  First  Atlantic  steamer      .     .  236  86 

1844  First  Ocean  screw  steamer     .  322  51 

1853 372  46 

1856 390  45 

1855  First-rate  line-of-battle  ship  .  240  60 

1861  Iron-plated  frigate      ...  380  58 

1858 680  83 


In  order,  however,  more  folly  to  illustrate  the  great  difference  in 
size  between  the  frst  successM  transatlantic  steamer,  the  *  Great 
Western,"  and  the  last,  the  '  Great  Eastern,'  as  well  as  to  afford  some 
idea  of  the  intermediate  steps  in  the  progress  of  steam  navigation,  the 
accompanying  plate  will  be  of  some  service.  It  exhibits  also  the 
difference  in  the  general  construction  of  the  hull  of  the  vessels ;  the 
smaller  'midship  section  representing  the  usual  system  of  construction, 
and  the  larger  pne  showing  the  cellular  method  adopted  in  the  ^  Great 
Eastern.' 

Being  the  largest  steamer  afloat,  we  have  felt  ourselves  justified  in 
entering  rather  more  fully  into  the  details  of  the  construction  of  the 
'  Great  Eastern,' — the  more  so  as  it  is  probable  that  she  will  remain 
luirivalled  for  many  years  to  come.  Independently  of  her  size,  she  is 
throughout  one  of  the  finest  specimens  of  naval  architecture  and 
mechanical  genius  extant,  doing  credit  alike  to  her  constructor  and 
designer.  The  '  Great  Eastern,'  in  common  with  many  of  the  works  of 
Mr.  Brunei,  is  rather  an  illustration  of  the  talent  and  energy  which  can 
be  brought  to  bear  upon  mechanical  science  than,  so  fiur,  a  success  from 
a  mercantile]  point  of  view ;  in  fact,  Mr.  Bnmel  has  throughout  the 
whole  of  his  life  been  an  example  of  genius  without  practiced  results. 
We  have  only  to  look  at  the  various  works  executed  by  his  father 
and  himself  to  exemplify  this  ;  the  Thames  Tunnel  to  wit,  the  Great 
Western  Eailway  works,  the  Box  Tunnel,  the  Harbro'  cutting,  and 
last,  though  not  least,  the  Gireat  Eastern,  a  scientific  success,  but  so 
far  a  mercantile  failure.  This  vessel  is  so  much  in  advance  of  the 
age  and  the  conveniences  which  it  affords,  and  the  expenses  in  case 
of  repair  from  damage  or  otherwise  are  necessarily  so  exorbitant,  that 
few  ii  any  speculators  can  be  found  to  embark  a  considerable  amount 
of  capital  in  her  as  an  investment.  There  is  no  wet  or  dry  dock  at 
present  in  existence  sufficiently  large  to  admit  her;  consequently, 
when  the  most  ordinary  repairs  are  necessary,  and  even  when  the 
vessel  requires  painting,  she  has  to  be  laid  aground,  and  from  the 
peculiarity  of  her  form,  having  no  keel,  (as  will  be  seen  from  the  ac- 
companying sketch,)  it  is  impossible  to  get  to  her  bottom  without 
excavating  the  ground  frt>m  beneath  her.  The  expenses  of  loading 
and  unloading  too,  are  serious  items  in  the  working  of  so  large  a  ship, 
and  can  only  be  compensated  by  long  voyages ;  for  what  may  be  called 
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her  terminal  expenses  would  thus  be  only  incurred  at  longer  intervals 
than  in  short  voyages.  As  we  progress,  however,  in  the  construction  of 
docks  and  other  necessary  naval  works,  they  will  no  doubt  be  so  enlarged 
and  by  degi'ees  be  of  such  a  class  as  to  admit  a  vessel  the  size  of,  or 
even  larger  than  the  '  Great  Eastern ; '  for  we  fully  believe  that  we 
are  not  yet  at  the  extreme  limit  of  size :  another  quarter  of  a  century 
will,  in  our  opinion,  Sjde  vessels  of  even  a  larger  tonnage  than  the  '  Great 
Eastern'  afloat.  This  will,  however,  take  many  years,  and  in  the 
meantime  the  precursors  of  enlarged  views  have  had  to  pay  the  penalty 
of  their  hardihood,  as  was  the  case  in  a  minor  degree  with  reference 
to  the  steamer  '  Enterprise '  before  alluded  to. 

Of  the  ultimate  commercial  success  of  the  '  Great  Eastern '  we 
entertain  no  doubt  whatever,  but  this  can  only  be  realized  by  what 
may  be  termed  single-handed  enterprise,  and  through  her  employment 
on  a  long  voyage,  such  as  that  to  Australia  or  India.  It  will  be 
dependent  too  upon  a  modification  in  the  propelling  power  of  the 
vessel,  as  well  as  upon  the  price  at  which  she  can  now  be  obtained. 
In  January  last  this  magnificent  ship  was  put  up  to  public  auction  by 
the  mortgagees,  and  although  a  reserve  price  of  only  130,000Z.  was 
placed  upon  her,  the  highest  bid  was  50,000Z.  Probably  before  these 
pages  go  to  press  she  may  have  been  sold  without  reserve  for  a  sum 
under  100,000/.;  *  and  it  is  only  when  we  recollect  that  she  originally 
cost  above  three  quarters  of  a  million  of  money,  that  we  are  able  to 
realize  the  terrible  sacrifice  which  has  been  made  by  the  present 
proprietors.  Much  honour  and  credit  is,  however,  due  to  those 
whose  enterprise  induced  them  to  embark  in  the  speculation  in  the 
first  instance,  and  who  thereby  rendered  patent  to  the  world  the  feasi- 
bility of  constructing  a  vessel  of  dimensions  so  much  greater  than  any 
previous  attempt  in  naval  architecture. 

it  will  be  easy  now  for  those  who  have  witnessed  the  failure  in  a 
mercantile  sense  to  come  forward  and  profit  by  the  experience  of  the 
past,  and  to  remedy  those  defects  or  errors  which  rendered  the  specu- 
lation so  ruinous  in  the  first  instance;  and  probably  the  first  step 
which  will  be  taken  when  the  vessel  changes  hands,  will  be  to  remove 
the  paddle  engines  and  alter  her  rig.  For  it  vrill  be  seen  from  the 
foregoing  statements  that  although  her  speed  is  increased  by  the 
appHcation  of  the  paddle  and  screw  engines  combined,  it  is  not 
commensurate  with  the  expense  at  which  such  additional  speed  is 
acquired.  When  the  paddles  alone  are  employed,  a  mean  speed  of 
8  knots  is  obtained ;  and  with  screw  and  paddle  combined,  14  knots 
under  the  most  favourable  circmnstances :  whereas  the  vessel  will 
make  9  knots  per  hour  with  the  screw  engines  alone. 

The  saving  in  one  important  item  of  expenditure — ^namely,  fuel — 
would  be  so  considerable,  and  the  change,  if  it  were  effected,  would  so 

*  Whilst  this  article  is  oassing  through  the  press,  we  are  apprised  that  tlie 
'  Great  Eastern'  was  "  knocked  down''  for  25,0002.,  and  a  new  company,  of  which 
Mr.  Thomas  Brassey,  jun.,  is  the  leading  director,  advertises  that  it  has  purchased 
the  vessel,  and  the  bonds  upon  her  inclusive,  for  97,350^ ;  this  new  company 
having  been  the  purchasers  of  her  at  auction.  A  dispute  has,  however,  arisen  as 
to  who  is  the  rightful  owner,  another  bidder  having  put  in  a  claim  to  her. 
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obviously  constitute  the  difference  between  a  commercial  failure  and  a 
pecuniary  success,  that  it  appears  hardly  necessary  for  us  to  enter  into 
minute  details.  It  is  easy  to  calculate  that  with  her  screw  alone  at 
work,  the  12,000  tons  of  coals  which  she  carried  would  nearly  suffice 
for  a  70  days'  voyage,  but  the  most  striking  and  at  the  same  time  feimiliar 
mode  of  exhibiting  the  enormous  advantages  which  she  would  thus 
possess  over  any  existing  transatlantic  paddle  boat,  will  be  to  compare 
her,  under  her  new  conditions,  with  the  '  Persia,'  showing  the  relative 
consumption  of  fuel  and  the  carrying  capacity  of  each  steamer. 

With  her  paddle  engines  removed,  the  *  Great  Eastern '  would 
carry  about  7,400  tons  of  measurement  goods,  and  12,000  tons  of  coal 
(more  cargo  and  less  coal  in  proportion).  She  would  bum  about  200 
tons  of  coal  per  diem,  and  steam  9  knots  per  hour.  The  '  Persia ' 
carries  1,257  tons  of  measurement  goods,  and  1,700  tons  of  coal,  and, 
burning  about  150  tons  per  day,  attains  an  average  speed  of  12  knots 
per  hour.  Thus,  if  we  were  to  take  into  consideration  the  increased 
speed  attained  by  the  '  Persia '  over  the  '  Great  Eastern,*  we  should 
have  to  take  the  quasi-consumption  of  the  latter,  not  at  200,  but  at 
260  tons  per  day.* 

Now  let  us  compare  the  work  as  it  would  be  performed  by  the  two 
boats,  with  the  coal  required  by  each,  and  we  shall  find  that, — 

The  ^  Persia,'  carrying  1,257  tons  of  goods,  and  consuming  150 

tons  coal  per  day,  bums  270  lbs.  of  coal  per  day  for  every 

ton  of  goods  carried  by  her. 
Whilst  the  '  Grkat  Eastern,'  carrying  7,400  tons  of  goods,  and 

consuming  268  tons  of  coal  per  day,  would  only  bum  81  lbs. 

of  coal  per  day  for  every  ton  of  goods  carried. 

This  comparative  statement  exhibits  in  a  general  manner  how  great 
is  the  advantage  of  a  screw  over  a  paddle  steamer  for  trading  purposes, 
but  as  far  as  the  *  Great  Eastern '  is  concerned,  we  do  not  hesitate  to  say 
that  with  appropriate  internal  antuigements  she  could  be  made  to  carry 
at  least  10,000  tons  of  measurement  goods  ;  that  with  the  screw  alone 
and  a  suitable  rig,  she  would,  in  an  average  state  of  the  weather,  attain 
a  speed  of  10  knots  an  hour ;  whilst  with  a  good  wind  she  would  keep 
pace  with,  if  not  outstrip,  the  fastest  paddle  steamer  afloat.  A  compa- 
rison of  the  transatlantic  mail  paddle  boats,  supported  by  a  subsidy, 
with  the  screw  boats  in  the  same  service  not  so  endowed,  would  further 
confirm  the  statement  of  the  superior  economy  of  the  screw. 

Ouce  more,  too,  we  would  repeat  that,  instead  of  believing,  with 
many,  that  her  designer  and  builder  have  exceeded  the  legitimate 
dimensions  of  a  manageable  steam-vessel,  we  hold  that  not  a  few  of 

*  Tbrougbout  this  paper  we  have  avoided  technical  details  which  might  be 
obscure  to  tiie  general  reader ;  but  we  think  it  right  here  to  say,  that  in  this  com- 
paiison  between  the  '  Great  Eastern,'  without  paddle  engines,  and  the  '  Persia,* 
we  have  duly  considered  the  ditference  between  an  increase  of  cargo  and  the 
weight  of  the  engines  removed ;  also  the  bearing  of  the  greater  size  and  weight 
of  the  *  Great  Eastern,'  in  relation  to  her  locomotive  power ;  tl.e  **  lively"  nature 
of  cargo,  (K)mpared  witli  the  dead  weight  of  the  engines  removed :  and  the 
antagonistic  action  between  paddle  and  screw  ;  but  we  have  only  given  our  deduc- 
tions in  general  terms. 
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oar  readers  will  live  to  see  steamers  of  much  larger  proportions ;  and 
most  confidently  do  we  predict  a  brighter  future  for  the  noble  vessel 
now  lying  idle  in  the  river  Mersey. 

It  has  been  impossible,  in  the  limited  space  at  our  disposal,  to  give 
even  a  tolerably  perfect  sketch  of  the  progress  of  steam  navigation ; 
but  in  order  to  afifbrd  our  readers  some  idea  of  the  vast  mercantile  steam 
navy  that  has  been  called  into  existence  through  the  insatiable  demands 
of  commerce,  we  may  mention  that  there  are  at  present  employed  upon 
one  great  Ocean  route  alone,  namely,  from  Liverpool  and  Glasgow  to 
the  continent  of  North  America,  100,000  tons  of  steam  shipping,  all 
created,  in  addition  to  vessels  that  have  been  lost,  since  the  '  Great 
Western '  was  launched ;  and  that  there  is  furthermore  a  large  fleet  of 
additional  steamers  now  in  course  of  construction. 

But  we  have  thus  far  spoken  only  of  our  mercantile  steam  navy, 
and  have  said  nothing  concerning  the  armaments  of  our  country. 

It  is  indeed  unnecessary  that  we  should  do  so.  That  governments 
are  slow  to  move,  and  that  ours  did  not  follow  in  the  wake  of  the 
merchant  service  with  any  great  alacrity,  is  well  known  to  our  readers. 
They  are  aware  also  that  having  once  commenced,  the  Admiralty  added 
year  by  year  to  our  steam  fleet ;  and  we  may  say  without  boasting  that 
in  both  services  we  have  outstripped  our  neighbours  as  completely  as 
when  wooden  walls  protected  old  England. 

But  we  pass  over  this  portion  of  the  subject  without  regret  or 
apology,  quite  content  to  leave  its  treatment  to  other  and  abler  pens 
than  ours. 

We  have  endeavoured  to  render  as  intelligible  as  it  is  possible  for 
one  accustomed  rather  to  building,  than  to  writing  about  steamers,  the 
theme  with  which  we  have  been  called  upon  to  deal ;  and  have  only  to 
remark,  in  conclusion^  that  awr  industry  was  not  originated  for  warlike 
purposes,  although  it  was  afterwards  thus  applied,  or  we  should  rather 
say  misapplied ;  for  had  the  first  steam-boat  been  endowed  with  life  and 
speech,  we  are  sure  that  her  earliest  sentences  would  not  have  been 
those  of  anger  or  defiance,  but  that  she  would  have  proclaimed,  as  did 
later  the  Atlantic  telegraph,  *'  Glory  to  God  in  the  highest,  on  earth 
peace  and  good-will  towards  men.*' 

Note — Much  additional  and  Interesting  information  on  the  subject  of  Steam 
Navigation  will  be  found  in  '  Steinitz's  History  of  the  Ship  *  (Longmans),  and 
Capt^n  Claxton's  Pamphlet  on  the  '  Great  Britain.'  We  have  to  acknowledge 
our  obligations  to  John  Scott  Russell,  Esq.,  to  the  owners  of  some  of  the  trans- 
atlantic steamers,  to  Henry  A.  Bright,  Esq.  (Messrs.  Gibbs,  Bright,  and  Co., 
owners  of  the  *  Great  Britain'),  and  to  many  other  friends,  for  valuable  information 
supplied  to  us. 
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THE  FOSSIL  SKULL  CONTROVEESY. 

ON  HUMAN  CRANIA  ALLIED  IN  ANATOMICAL  CHAEACTEBS 
TO  THE  ENGIS  AND  NEANDERTHAL  SKULLS. 

By  William  Tubnbb,  M.B.,  F.B.S.E.,  Senior  Demonstrator  bf  Anatomy 

in  the  Uniyersity  of  Edinburgh. 

Of  the  various  crania  which  during  the  last  few  years  have  come  under 
the  notice  of  the  geologist  and  anatomist,  few,  perhaps,  have  excited 
so  much  interest  as  those  fragments  of  two  human  skulls  which,  from 
the  localities  where  they  were  found,  have  been  named  the  Engis  and 
Neanderthal  skuUs.  The  lengthened  descriptions  giyen  of  them  in  the 
recent  works  of  Sir  C.  Lyell  *"  On  the  Antiquity  of  Man,'  and  of  Professor 
Huxley  '  On  Man's  Place  in  Nature,'  and  the  light  which  they  have 
been  supposed  to  cast  on  the  solution  of  the  great  problem  of  the 
antiquity  of  the  human  race,  have  caused  a  large  amount  of  attention 
to  be  directed  to  them.  Not  only  have  the  various  circumstances 
connected  with  their  discovery,  the  geological  conditions  under  which 
they  were  found,  and  their  association  or  non-association  with  various 
animal  bones,  been  carefully  noted,  but  their  shape,  proportions,  and 
general  anatomical  characters  have  been  minutely  studied. 

The  Engis  Cranium. 

This  skull  was  discovered  by  the  persevering  researches  of  Dr. 
Schmerling  in  the  Engis  cave,  in  the  province  of  Li^ge,  in  Belgium. 
It  was  found  with  other  fragments  of  human  bones,  covered  by  a  layer 
of  stalagmite,  and  along  with  it  were  imbedded  the  bones  of  various 
extinct  animals,  as  the  mammoth,  the  woolly  rhinoceros,  and  the  cave 
bear.  Dr.  Schmerling  regarded  it  as  cotemporaneous  with  those 
animals,  and  from  independent  researches  into  the  geological  relations 
of  the  locality,  the  same  opinion  has  been  arrived  at  by  Sir  C.  Lyell 

The  skull  is  a  fragment,  but  the  vault  of  the  cranium  is  preserved. 
It  is  to  all  appearance  that  of  an  adult  male.  Mr.  Huxley  has  care- 
fully described  and  figured  it  in  both  the  works  above  referred  to,  and 
has  come  to  the  following  conclusions  respecting  it.  That  there  is 
nothing  in  its  character  to  give  any  trustworthy  due  to  the  Bace  to 
which  it  might  appertain,  for  though  some  of  its  contours  and  measure- 
ments agree  well  with  some  Austndian  skulls,  yet  others  agree  equally 
well  with  some  European  crania ;  that  there  is  no  mark  of  degradation 
about  it ;  that  it  is  a  fair  average  human  skull,  which  might  have  be- 
longed to  a  philosopher,  or  might  have  contained  the  thoughtless 
brains  of  a  savage. 

The '  skull  with  which  I  am  going  to  compare  it  was  sent  to  the 
Anatomical  Museum  of  the  University  of  Edinburgh  some  months 
back  by  Mr.  Henry  Duckworth,  F.G.S.  It  was  found  by  him  in  the 
summer  of  1861,  when  on  a  visit  to  St.  Acheuil,  near  Amiens.  "  It  lay 
about  six  feet  from  the  surfkuse,  in  a  deposit  termed  by  the  quarrymen 
the  '  D^couvert '  bed,  which  deposit  appeared  like  a  narrow  vein  or 
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band  of  marly  sand  and  small  flints,  dividing,  at  an  angle  of  say  45% 
the  vegetable  or  brick  earth  on  one  side  from  the  black  flint  deposit 
on  the  other."  As  various  remains  of  the  Eoman  and  Gallo-Eoman 
age  have  been  fomid  in  this  locality,  it  is  possible  that  the  skull  may 
be  as  old  as  that  period,  but  there  is  no  evidence  that  it  belonged  to 
an  earlier  time.  The  skull  is  a  fragment,  but  possesses  almost  the 
same  bones  as  the  Engis  cranium.  It  is  the  skull  of  an  adult,  and 
from  its  faintly-marked  ridges  and  supra-orbital  processes  is  either  » 
female,  or  a  nude  whose  muscular  development  was  feeble.  The  bones 
possess  no  unusual  thickness  or  density,  such  as  one  not  unfrequently 
sees  in  the  crania  of  savage  nations.  They  are,  however,  some- 
what friable,  of  a  pale  yellowish-brown  colour,  and  much  deprived  of 
their  animal  matter.  Numerous  linear  excavations  due  to  the  action 
of  the  roots  of  the  plants  in  the  soil  are  on  their  outer  surface.* 
The  different  regions  of  the  cranium  are  well  proportioned  to  each 
other,  and  there  are  no  marks  of  degradation  about  it.  The  strong 
resemblance  in  external  form  between  this  cranium  from  St.  Acheuil 
and  the  Engis  skull  at  once  struck  me,  and  careful  comparative 
measurements  have  confirmed  my  first  impressions.  The  Engis  skull 
is,  indeed,  somewhat  larger,  but  the  proportions  between  the  corre- 
sponding parts  of  the  two  crania  are  closely  preserved,  f 


Skull. 

Length. 

Frontal 
Breadth. 

Parietal 
Breadth. 

Occipital 
Breadth. 

Longi- 
tudinal 
An. 

Intexw 

meatoid 

Arc 

Hor. 
dream- 
ferenoe. 

Engis     .     . 
St.  Acheuil  . 

7-7 
71 

4-4 
4-1 

5-4 
5-1 

4-4 

4-1 

13-75 
12  2 

13- 
11-8 

20-7 
19-6 

The  length  of  the  Engis  skull  is  to  its  breadth  as  100  to  70,  that 
of  the  St.  Acheuil  cranium  as  100  to  71.  If  my  supposition  be  correct 
that  the  latter  is  a  female,  the  difference  in  size  may,  perhaps,  be 
regarded  as  merely  a  sexual  difference.  The  St.  Acheuil  skull  is  some- 
what more  convex  posteriorly  in  its  upper  occipital  region ;  but,  as  a 
rule,  the  contours  of  the  two  crania  so  closely  resemble  each  other, 
that  one  might  almost  look  upon  the  one  from  St.  Acheuil  as  a  reduced 
copy  of  the  Engis  skull.} 

*  The  interpretation  of  this  appearance  was  made  for  me  by  my  friend.  Pro- 
fessor RoUeston,  of  Oxford ;  and  since  my  attention  was  directed  to  it,  I  have  not 
imfreqnently  noted  a  corresponding  appearance  in  bones  which  have  been  buried 
at  no  great  distance  from  the  surface. 

t  The  measurements  of  the  Engis  skull  have  been  taken  from  a  cast  supplied 
by  Mr.  Gregory,  of  Golden  Square,  London. 

X  A  minor  structural  difference  consists  in  the  presence  of  a  small  triquetral 
or  inter-parietal  bone  in  the  St.  Acheuil  cranium ;  but  such  a  bone,  although  at 
one  time  supposed  to  possess,  is  now  known  to  have  no  especial  value  as  an  index 
of  race  character.  I  have,  for  example,  seen  it  In  two  Australian  crania,  in  a 
Malay,  a  Hindoo,  a  North  American  Indian,  a  Chilian  Indian,  a  Oeylonese,  a 
Scotch,  and  a  French  cranium.  It  can  no  longer  be  regarded  as  a  distinctive 
peooliarity  of  the  Peruvian  skull. 
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A  question  of  much  interest  at  once  suggests  itself  by  this  com- 
parison. Are  we  to  regard  the  occupant  of  the  Belgian  cavern  as  of 
the  same  race  as  the  dweller  on  the  banks  of.  the  Somme  ?  The  geo- 
graphical distance  between  the  two  localities  is  not  great,  but  the 
geological  distance  as  regards  time  between  the  cotemporarj  of  the 
mammoth  and  woolly  rhinoceros  and  the  inhabitant  of  the  North  of 
France  at  a  period  not  more  remote  than  the  Gallo-Roman  age  is,  as 
all  present  evidence  indicates,  indeed  enormous.  The  answer  to  the 
above  question,  then,  will  doubtless  be  regulated  by  the  opinion  which 
may  be  entertained  of  the  value  of  cranial  characters,  as  an  element  in 
ethnical  comparison.  Many  ethnologists  of  eminence  consider,  and 
with  much  reason,  the  form  of  the  skull  as  one  of  the  most  important 
tests  to  be  employed  in  determining  the  affinities  of  races,  for  the 
crania  of  individuals  of  the  same  race  possess  a  strong  general  resem- 
blance throughout  long  periods  of  time.  But  whatever  opinion  may 
be  formed  of  the  identity  or  non-identity  as  regards  race  of  the  two 
individuals  to  whom  these  crania  belonged,  there  can,  I  think,  be  no 
doubt  that,  as  this  skull  from  St.  Acheuil  proves,  the  cranial  confor- 
mation, and  presumably  the  cerebral  conformation  also,  of  the  geolo- 
gically ancient  Belgian  was  in  no  respect  inferior  to  this  inhabitant 
of  France  during  a  period  in  its  history  not  more  distant  than  the 
Gallo-Eoman  time. 

Thb  Nkahdebthal  Skull. 

The  circumstances  connected  with  the  discovery  of  this  cranium 
have  been  so  well  detailed  by  Dr.  Fuhlrott,  Professor  Schaaffhausen, 
and  Sir  C.  Lyell,  and  its  anatomical  characters  have  been  so  carefully 
described  and  figured  by  Professor  Schaaffhausen,  Mr.  Busk,  and  Mr. 
Huxley,  that  it  is  needless  for  me  to  enter  into  any  detailed  descrip- 
tion of  them,  more  especially  since  Professor  King  has  already  placed 
many  of  the  most  important  facts  connected  with  it  before  the  readers 
of  this  Journal  in  the  niunber  for  January.  My  object  will  be  suffi- 
ciently carried  out  if  I  especially  discuss  those  features  in  its  struc- 
ture which  either  are,  or  are  supposed  to  be,  its  peculiar  character- 
istics, and  which  are  considered  to  distinguish  it  from  all  other  known 
human  crania. 

The  skull,  when  looked  at  even  by  one  not  skilled  in  human  ana- 
tomy, is  seen  to  possess  remarkable  features.  The  flattened  vertex, 
the  low  retreating  forehead  and  strongly  projecting  supra-orbital 
ridges,  at  once  attract  attention,  and  show  that  it  is  an  exceptional 
form  of  hmnan  cranium.  To  these  more  obvious  characters  Mr. 
Huxley  has  added  yet  another,  in  the  shape  of  the  occipital  region, 
which  he  looks  upon  as  even  more  striking  to  the  anatomical  eye. 

The  consideration  of  these  peculiarities,  together  with  some  others 
of  minor  importance,  has  led  Professor  Eang  to  look  upon  the  being 
to  whom  this  cranium  belonged  as  specifically,  nay  more,  as  generi- 
cally,  distinct  from  man.  But  in  coming  to  this  conclusion,  that 
observer  appears  to  me  to  have  estimated  far  too  lightly  the  amount 
of  variation  to  which  the  human  body  is  subject,  in  8ie  structure  and 
arrangement  of  its  oonstitnent  parts.     I  allude  not  merely  to  diverg- 
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encGS  in  the  conformation  of  corresponding  parts  of  the  bodies  of  men 
of  different  races,  bat  of  individuals  of  the  same  race ;  variations 
which,  though  they  may  be  great  enough  to  constitute  large  and  im- 
portant individual  differences,  are  still  not  sufficient  to  warrant  our 
assuming  the  absence  of  those  characters  which  are  especially  and 
distinctively  human.     I  refer  not  only  to  those  variations  in  the  form 
of  the  features,  the  colour  of  the  slan,  and  the  nature  of  the  hair, 
which  are  discernible  on  an  external  examination  of  the  body,  but  to 
those  deeper  or  internal  differences  affecting  the  origin  and  distribution 
of  the  blood-vessels,  the  extent  of  attachment  of  the  muscles,  the 
non-formation  in  some  cases  of  muscles  usually  present,  and  in  other 
cases  the  development  of  new  muscles.     Similarly,  the  bones  them- 
selves may  exhibit  great  variations  in  the  size  of  their  ridges  and 
processes ;  and  in  some  individuals  processes  may  even  occur  which  do 
not  generally  enter  into  the  formation  of  the  human  skeleton.*     All 
these  afford  illustrations  of  such  a  great  amount  of  variability  as  to 
cause  the  careful  human  anatomist  to  hesitate,  if  an  unusual  structure 
or  arrangement  in  a  part  evidently  human  were  shown  him,  before  he 
ventured  to  pronounce  such  structure  or  arrangement  to  be  an  indi- 
cation that  the  being  in  whom  it  occurred  was  either  a  distinct  sjpecies 
of  man,  or  a  form  transitional  between  man  and  the  lower  animaJs. 

The  Neanderthal  skull  unquestionably  possesses  a  very  remarkable 
shape,  one  which  sufficiently  distinguishes  it  from  other  Imown  crania. 
But  we  must  inquire  whether  its  anatomical  characters  are  altogether 
exceptional.  Is  it  not  possible,  in  carefully  examining  an  extensive 
collection  of  skulls,  such  as  are  presented  to  the  anatomist  in  a  large 
museum  or  dissecting-room,  to  find  crania  closely  allied  to  it  in  some 
of  those  features  which  are  regarded  as  most  distinctive?  I  have, 
during  the  past  year,  directed  much  attention  to  this  matter,  and  have 
examined  numerous  crania,  both  of  savage  and  European  nations. 
The  points  in  the  Neanderthal  skull  which  1  have  most  closely  com- 
pared with  other  crania,  have  been— 1st,  the  projection  of  the  supra- 
orbital  ridges  and  glabella;  2nd,  the  receding  forehead;  3rd,  the 
shape  of  the  occipital  region. 

The  supra-orbital  ridges  in  the  Neanderthal  skuU  are  characterized 
not  only  by  their  great  projection  foi'ward,  but  by  their  rounded 
massive  form.  They  extend  outwards  as  far  as  tiie  external  orbital 
processes,  and  they  run  into  each  other  across  the  middle  line  at  the 
prominent  glabella.  Their  extent  and  projection,  as  is  clearly  shown 
in  the  figure  (from  a  photograph  by  Dr.  Fuhlrott)  in  Mr.  Huxley's 
work,  are  due  to  the  excessive  development  of  ihe  frontal  sinuses,  f 

*  It  may  be  sufficient  to  mention  here  the  occasional  development  on  the 
occipital  bone  of  an  additional  process  called  paramastoid,  and  of  a  process, 
the  Bupra-condyloid,  springing  from  the  humerus  a  short  distance  above  the 
inner  condyle.  An  elaborate  description  of  all  the  dijBferent  forms  which  the  latter 
process  presents  in  Man  and  a  comparison  of  their  arrangement  in  certain  of  the 
Mammalia,  as  in  many  Quadrumana,  C'amivora,  Marsupialia,  &c.,  is  given  by 
Oruber,  in  the  *M^.  de  I'Acad.  Imp.  de  St  P^tersbourg,'  vol.  viii.  1859. 

t  These  sinuses  are  cavities  in  the  frontal  hone  due  to  a  want  of  parallelism 
between  the  two  plates,  of  which  the  bone  is  constructed.  They  contiun  air,  and 
communicate  with  the  nose. 
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In  attempting,  however,  to  form  a  correct  estimate  of  this  projection, 
it  is  necessary  to  bear  in  mind  that  the  absence  of  the  bones  of  the 
fjEU^e,  more  especiallj  of  the  nasal,  malar,  and  upper  jaw  bones,  tends  to 
give  a  more  marked  character  to  it  than  would  probably  have  been 
the  case  had  they  been  present. 

Professor  Schaaffhausen,  in  his  remarks  on  this  skull,  states  that  in 
the  principal  European  museums  there  are  no  crania  which  can  be 
compared  with  it  in  the  amount  of  this  supra-orbital  projection; 
but  he  refers  to  various  craniological  memoirs,  in  which  cases  have 
been  recorded  of  a  considerable,  tiiough  not  so  great  a  projection  in 
this  region,  more  particularly  in  the  skulls  of  ancient  and  modem 
barbarous  races.     Mr.  Huxley  also,  in  his  critical  account  of  this 
cranium,  alludes  to  the  supra-orbital  projection  in  Australian  skulls, 
though  this  is  not  unfrequently  due  to  a  solid  bony  growth,  the 
frontal  sinuses  being  undeveloped.     Mr.  Busk  has  also  figured  the 
cranium  of  a  red  Indian,^  and  a  skull  from  Borreby,  in  Denmark, 
stated  to  be  of  the  Stone  period,  in  which  these  ridges  project  con- 
siderably.    In  the  Ethnological  collection  in  the  Anatomical  Museum 
of  the  University  of  Edinburgh,  are  also  several  crania,  in  which  they 
constitute  a  striking  feature.     Some  of  the  New  Zealand  and  Tas- 
mania crania,  for  example,  are  cases  in  point.     But  this  character  is 
by  no  means  confined,  as  it  appears  to  have  been  £bh  too  generally 
believed,  either  to  the  crania  of  modem  savage  races,  or  to  those 
former  denizens  of  these  islands  and  of  continental  Europe,  the  men 
of  the  Stone  period,  of  the  age  of  Iron  or  of  Bronze.   It  is  a  character 
which  occasionally  crops  out,  as  it  were,  not  only  in  the  men,  but  the 
women  even,  of  tiie  British  Islands  at  the  present  day,  and  at  times 
attains  a  prominence  which,  though  not  quite  equalling,  yet  is  but 
little  removed  from  that  in  the  Neanderthal  skull.    I  have  nowf  before 
me  three  modem  British  crania,  and  the  cast  of  a  fourth  (Fig  1)  in  the 
Museum  of  the  College  of  Surgeons  of  Edinburgh  (No.  34),  in  which 
it  may  be  studied.     In  the  whole  of  these  skuUs,  the  prominence  of 
the  glabella  and   supra-orbital  ridges    is  most  strikingly  marked, 
especially  in  the  extent  to  which  they  project  forward,  though  none 
of  them  exhibit  so  massive  a  form  at  the  external  orbital  processes  as 
the  Neanderthal  skull.     In  two  of  the  crania  more  particularly  (one 
of  which  is  that  of  an  old  woman.  Fig  2),  there  is  a. deep  depression 
at  the  root  of  the  nose,  such  as  to  all  appearance  the  Neanderthal  skull 
possessed  when  in  its  perfect  state. 

The  low  retreating  forehead  is  a  character  which  presents  much 
variety  in  human  crania  In  the  one  from  the  Neander  valley  it  is  con- 
siderable ;  but  as  Mr.  Huxley  has  remarked,  the  supra-orbital  projection 
causes  the  forehead  to  appear  still  lower  and  more  retreating  than  it 
really  is.  But  what  the  true  slope  of  the  forehead  may  have  been,  there 
is  now  some  dif&culty  in  accurately  determining,  on  account  of  the  frag- 
mentary nature  of  the  skull,  rendering  it  difficult  to  say  what  was  the  true 
position  of  the  head.  The  influence  which  a  change  in  the  position  of 
the  head  exercises  on  the  slope  of  the  forehead,  either  in  adding  to  or  sub- 

♦  •  Nat.  Hist.  Review/  vol.  i.  pi.  v. 

t  The  figures  refer  to  the  accompaiiying  plate. 
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tracting  from  it,  is  illnstrated  by  the  different  appearance  it  presents  in 
the  figures  of  this  cranium  given  by  Sir  C.  LyeU  and  Mr.  Huxley.  I 
have  now  before  me  a  modem  British  skull  which  closely  approaches 
it,  nay,  is  rather  more  flattened  in  the  frontal  region  on  account  of 
the  very  faintly  marked  condition  of  the  frontal  eminences.  I  may 
refer  here  also  to  a  fragment  of  a  skull,  perhaps  that  of  an  old  monk,  in 
the  collection  of  Christ  Church,  Oxford  (shown  me  by  Professor  EoUes- 
ton),  and  to  the  cast  of  the  cranium  of  Archbishop  Dunbar  (obiit  1547), 
in  the  Museum  of  the  Scottish  Society  of  Antiquaries,  in  both  of  which 
there  is  a  remarkably  flattened  and  retreating  forehead. 

Professor  King  lays  great  stress  upon  the  coexistence  of  the  pro- 
jecting supra-orbital  ridges  and  retreating  forehead  in  the  Neanderthal 
skull ;  more  especially  with  regard  to  the  part  of  the  frontal  bone, 
which  is  intersected  by  a  line  drawn  at  right  angles  to  the  glabello- 
occipital  line  through  the  infero-anterior  angles  of  the  two  outer 
orbital  processes.  I  cannot  but  think  that  if  Professor  King,  instead 
of  selecting  for  his  comparison  such  a  recent  human  skull  as  the  one 
he  figures  in  Plate  2,  Fig.  5,*  had  taken  a  human  skull  presenting  in 
combination  a  retreating  forehead  and  projecting  ridges  (such  as 
represented  in  Fig.  1),  he  would  have  found  that  no  great  dijSerence 
existed  between  it  and  the  Neanderthal  skull  in  the  amount  of  frontal 
bone  cut  off  by  such  a  line. 

I  have  already  stated  that  Professor  Huxley  attaches  much 
importance  to  the  shape  of  the  Neanderthal  skull  in  its  occipital 
region.  He  describes  the  squamous  part  of  the  occipital  bone  as 
sloping  obliquely  upward  and  forward  from  the  protuberance  and 
superior  curved  Hne,  so  that  when  the  glabello-ocdpital  line  is  made 
horizontal,  the  occipital  protuberance  occupies  the  extreme  posterior 
end  of  the  skull,  and  the  lambdoidal  suture  is  situated  well  on  the 
upper  surface  of  the  cranium ;  as  a  result  of  which  the  posterior  lobe 
of  the  brain  would  have  been  flattened  and  diminished. 

But  if  this  mode  of  description  be  adopted,  it  must  be  borne  in 
mind  that  the  upward  and  forwud  slope  is  not  that  of  a  plane  surface. 
For  the  squamous  plate  of  the  bone  possesses  a  curved  surface  with 
the  convexity  projecting  backwards  and  upwards,  though  this  con- 
vexity is  undoubtedly  much  smaller  than  the  greater  majority  of 
well-formed  crania  exhibit.  Then  again  I  find,  from  measurements 
of  the  cast  of  this  sktdl,  that  the  greatest  antero-posterior  diameter  is 
not  included  in  a  line  drawn  between  the  glabella  and  occipital  pro- 
tuberance, but  in  a  line  drawn  from  the  glabella  to  a  point  in  the 
squamous  part  of  the  occiput,  about  half-an-inch  above  the  protuber- 
ance ;  though  whether  this  point  may  in  this  individual  have  been  the 
most  projecting  part  of  the  head  posteriorly,  it  is  impossible  to  say, 
on  account  of  the  difficulty  of  placing  this  fragment  of  a  skull  in  its 
natural  position. 

But  to  follow  out  the  method  which  we  have  hitherto  pursued  in 
this  investigation,  let  us  now,  by  a  comparison  of  this  part  of  the 
Neanderthal  skull  with  the  corresponding  region  in  other  human 

*  Jan.  No.  '  Qoarterly  Jounud  of  Science.* 
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crania,  see  what  value  is  to  be  attached  to  its  configuration  as  an 
especial  character.  Messrs.  Busk  and  Huxley  have  already  shown, 
that  in  the  Danish  Borreby  skull,  and  in  some  Australian  crania, 
the  occipital  region  presents  a  form  closely  allied  to  the  Neanderthal 
skull  itself.  Additional  evidence  of  this  correspondence  is  supplied 
by  the  Australian  and  Tasmanian  crania  in  the  Edinburgh  University 
Aiiatomical  Museum,  in  one  of  the  former  of  which  the  squamous  plate 
is  nearly  flat,  and  forms  almost  a  right  angle  with  the  surface  of  the 
bone  below  the  curved  line.  But  it  is  not  with  these  savage  races  only 
that  this  comparison  can  be  made.  An  examination  of  a  considerable 
number  of  modem  British  crania  has  shown  me  that  a  large  amount  of 
variation  occurs  in  them  in  the  form  of  this  region,  and  in  the  extent 
of  the  posterior  convexity  of  the  squamous  part  of  the  occipital  bone. 
And  it  would  be  quite  possible  to  arrange,  from  materials  to  which  I 
have  access,  a  series  of  modem  British  skulls,  in  which  this  variation 
may  be  traced  from  a  well-marked  posterior  occipital  bulging  to  a 
configuration  of  the  upper  occipital  region,  closely  approaching  the 
form  of  the  Neandertlud  skull.  In  the  skull-cap  represented  in  Fig.  3, 
the  diminished  occipital  convexity  is  almost  equal  to  that  of  the 
last-named  cranimn.* 

Professor  Schaafifhausen  regards  the  unusual  development  of  the 
frontal  sinuses,  supra-orbital  ridges,  and  glabella,  as  unquestionably 
typical  race-characters,  and  not  as  an  individual  or  pathological 
deformity.  To  accept  such  a  view,  however,  it  would  be  necessary  to 
show  that  a  great  projection  in  the  supra-orbital  region  possesses  a 
definite  ethnical  value.  But  this,  I  would  submit,  is  an  inconstant 
feature,  for  great  variations  in  the  size  of  these  ridges  are  exhibited 
by  the  crania  of  barbarous  races,  both  ancient  and  modem,  in  which 
such  projections  have  been  seen  The  series  of  New  Zealand, 
Australian,  and  Negro  crania,  in  the  Ethnological  Collection  in  the 
Edinburgh  University  Anatomical  Museum,  exhibits  considerable 
diversities  in  this  respect.  Again,  in  the  beautifully  illustrated 
'  Crania  Britannica '  of  Messrs.  Da  vies  and  Thumham,  whilst  some  of 
the  ancient  British  crania  depicted  present  a  considerable  projection 
above  the  orbits,  in  others,  again,  it  is  but  slightly  marked. f  And  as 
we  all  know  that  no  great  prominence  occurs  as  a  rule  in  the  modem 
British  skull,  yet,  as  the  specimens  already  alluded  to  (p.  254)  prove, 
an  amount  of  projection  may  occasionally  occur  not  much  in^rior  to 
that  in  the  Neanderthal  skull. 

To  attempt,  then,  to  found,  as  Schaaffhausen  has  done,  a  typical 
race-character  on  so  variable  a  feature,  or  to  build  a  chief  argmnent 
in  favour  of  the  distinct  specific,  nay  even  generic,  character  of  a  skull, 
as  Professor  King  has  done,  on  a  solitary  cranium  in  which  such  largely- 
developed  supra-orbital  ridges  occur,  does  not  appear  to  me  to  be 
warranted  by   the. facts  at    our  disposal.       Mere  massiveness — the 

*  In  the  University  Anatomical  Museum  is  the  skull  (B.  5)  of  a  modem 
patriotic  Greek,  picked  up  on  the  plain  between  Atliens  and  the  Piraeus,  in  which 
this  configuration  of  the  occipital  region  is  most  strikingly  marked. 

t  Compare,  for  example,  the  Ballidon  Moor,  Uley,  and  Kennet  crania  with 
those  from  Middleton  Moor,  Long  Tjowe,  and  liittleton  Drew. 
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pofisession  of  greater  bulk  in  this  region  in  an  individual  skull — is  not 
in  itself  a  feature  on  which  to  base  any  specific  distinction.  As 
well  might  we  attempt  to  draw  specific  characters  from  a  greater  or 
less  deyelopment  of  the  mastoid  processes.  To  give  anything  like 
value  to  such  a  character,  it  ought  to  be  shown  to  be  possessed  by  the 
majority  at  least  of  the  skulls  of  a  given  race  Keeping  in  view,  then, 
the  amoimt  of  variation  which  this  projection  admits  of  in  the  crania 
of  known  races,  and  in  the  absence  of  any  skulls  cotemporaneous  with 
the  one  from  the  Neanderthal  with  which  to  compare  it,  we  should 
hesitate  before  expressing  an  opinion  that  it  is  an  ethnical  rather  than 
an  individual  character. 

Amongst  the  various  speculations  which  have  been  hazarded,  as  to 
the  nature  and  mental  capabilities  of  the  man  to  whom  this  singular 
skull  appertained,  there  is  one  expressed  in  the  inquiry,  "  But  may 
he  not  have  been  an  idiot  ?  "  Ixl  the  absence  of  any  definite  in- 
formation, it  is  alike  impossible  to  prove  either  that  he  was  an 
idiot  or  a  sane  person.  l!  have,  however,  compared  the  skull  with 
the  crania  of  three  idiots,  and  find  not  only  considerable  diversities 
between  its  form  and  theirs,  but  in  the  form  which  the  idiot  cranium 
itself  may  present.  In  one  of  the  idiot's  skulls  the  forehead  is  low  and 
retreating,  and  the  supra-orbital  ridges  are  large,  but  the  external 
measurements  and  internal  capacity  are  so  small  as  to  place  it  amongst 
the  microcephali.  Now  the  Neanderthal  skull  cannot  be  regarded  as 
microcephalic,  either  in  its  external  measurement  or  internal  capacity. 
It  possesses  an  extreme  length  of  8  inches  when  measured  from  the 
glabella  to  the  most  projecting  point  of  the  occiput,  and  of  7-2  when 
the  measurement  is  taken  between  the  frontal  eminences  and  the  cor- 
responding occipital  eminences,  which  latter  diameter  is  of  greater 
value  than  the  former  as  an  index  of  cranial  capacity,  because  it 
eliminates  the  supra-orbital  projection  and  frontal  sinuses.  Its  greatest 
breadth  is  5*9  inches.  Its  present  capacity  is  63  cubic  inches :  but 
its  capacity  in  the  original  condition  is  estimated  by  Mr.  Huxley  at 
75  cubic  inches,  which  is  the  average  capacity  given  by  Morton  for 
Polynesian  and  Hottentot  skulls. 

Amongst  modem  European  crania,  the  average  cranial  capacity  is 
considerably  higher  than  this.  Professor  Welcker,  of  Halle,*  from 
careful  measurements  of  30  normal,  male,  adult  Grerman  crania,  has 
placed  the  mean  capacity  at  88*4  cubic  inches  But  whilst  the 
maximum  of  these  crania  rose  as  high  as  109  cubic  inches,  the 
minimum  sank  as  low  as  74*4  cubic  inches,  a  capacity  scarcely  so 
great  as  the  estimate  made  of  the  Neanderthal  skull ;  and  the  capacity 
of  two  others  was  only  78  and  78*6  cubic  inches.  Again,  Professor 
Huschke,t  from  the  measurements  of  21  male  German  crania,  has 
found  their  average  capacity  to  bo  88*17  cubic  inches;  but  the 
smallest  of  these  skulls  was  no  more  than  73*1  cubic  inches,  which 
is  nearly  two  cubic  inches  smaller  than  the  Neanderthal  skull.  Thus 
though  the  estimated    capacity  of   this   cranium  is  less  than  the 

*  *  Untersuchnugen  ueber  Wachsthum  uud  Bau  deu  Menschl.  Schaedela,'  1862, 
p.  35. 

t  Schaedel,  Hirn,  und  Seele,  1854,  p.  47. 
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European  mean,  yet  modem  male  German  crania  have  been  measured, 
which  closely  approach,  and  even  sink  below  it«  The  possession  of 
strong  supra-orbital  ridges,  a  low  retreating  forehead,  and  a  diminished 
occipital  convexity,  is  not  therefore  necessarily  incompatible  with  an 
amount  of  brain  space  larger  than  that  yielded  by  some  modem  Euro- 
pean crania  (which  such  experienced  craniologists  as  Huschke  and 
Welcker  looked  upon  as  nomial),  if  the  space  lost  in  the  ^ntal  and 
occipital  regions  is  compensated  for  by  increased  growth  in  another 
direction.  And  in  the  Neanderthal  skull  this  compensation  appears 
to  have  been  provided  in  the  parietal  region,  which  is  nearly  three- 
tenths  of  an  inch  wider  than  that  given  by  Mr.  Busk  as  the  mean 
breadth  of  the  European  skull.*  But  the  skull,  No.  84,  Edinburgh 
College  of  Surgeons'  Museum  (Fig.  1),  yields  us  still  more  striking 
testimony  of  the  occasional  co-existence  even  of  enormous  cranial 
capacity  with  projecting  supra-orbital  ridges,  a  low  forehead,  and 
diminidbed  occipital  convexity.  Its  capacity  is  117  cubic  inches,  which 
is  three  cubic  inches  greater  than  that  of  the  most  capacious  skull  I  can 
find  recorded,  f  And  like  the  Neanderthal,  it  has  its  greatest  breadth 
close  to  the  squamous  suture,  and  not  at  the  parietal  eminences. 
The  cast  of  the  skull  of  King  Bobert  the  Bruce  also,  copies  of  which 
may  be  found  in  many  musemns,  shows  that  that  valiant  and  sagacious 
monarch  had,  along  with  a  retreating  forehead^  a  large  and  capacious 
cranium. 

From  the  comparison  which  has  thus  been  instituted,  I  have  no 
hesitation  in  saying  that,  although  we  may  not  be  able  to  produce 
another  skull  possessing  a  combination  of  all  those  characters  which 
are  regarded  as  so  distinctive  of  the  Neanderthal  skull,  yet  the 
examination  of  an  extensive  series  of  crania  will  show  us  that  these 
characters  are  closely  paralleled,  not  only  in  the  crania  of  many 
savage  races  now  existing,  but  even  in  those  of  modem  European 
nations. 

How  cautious,  therefore,  ought  we  to  be  in  generalizing  either  as 
to  the  pithecoid  afi&nities  or  psychical  endowments  of  the  man  to 
whom  it  appertained.  It  is  as  yet  but  an  isolated  specimen ;  of  its 
history  prior  to  the  day  of  its  discovery,  we  are  altogether  ignorant ; 
its  geological  age  even  is  quite  uncertain.  In  coming  to  any  conclu- 
sion, therefore,  we  have  no  facts  to  guide  us,  save  those  which  are 
furnished  by  an  examination  of  its  structural  characters.  And  what- 
ever marks  of  degradation  these  may  exhibit,  yet  they  are  closely 
paralleled  in  the  crania  of  some  of  the  men,  and  women  too,  now 
living  and  moving  in  our  midst. 

*  *  Med.  Times  and  Gazette/  April  12,  1862.  Mr.  Busk  places  the  mean 
breadth  of  European  crania  at  5*65. 

t  The  capacity  of  the  largest  cranimn  measured  by  Welcker  was  114  cubic 
inches ;  that  of  the  largest  measured  by  Huschke,  109*75  cubic  inches. 
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ON  THE  APPLICATION  OF  THE  PRINCIPLE  OF  "CON- 
SEKVATION  OF  FORCE"  TO  PHYSIOLOGY. 

Pabt  II.   (conclasion) :  The  Belatione  of  Light  and  Heat  to  the  Vital 

Forces  of  Animals, 

By  William  B.  Cabpkntkb,  M.D.,  F.R.S.,  F.L.S.,  F.G.S. 

Thosb  of  our  readers  who  acoompanied  us  through  the  first  part  of  our 
inquiry  are  aware  that  it  was  our  object  to  show,  that  as  Force  is 
never  lost  in  the  Inorganic  World,  so  Force  is  never  created  in  the 
Organic ;  but  that  those  various  operations  of  Vegetable  life  which  are 
sometimes  vaguely  attributed  to  the  agency  of  an  occult  '*  Vital  Prin- 
ciple," and  are  referred  by  more  exact  thinkers  to  certain  Vital  Forces 
inherent  in  the  organism  of  the  Plant,  are  really  sustained  by  Solar 
Light  and  Heat.     These,  we  have  argued,  supply  to  each  germ  the 
whde  power  by  which  it  builds  itself  up,  at  the  expense  of  the  materials 
it  draws  from  the  Inorganic  Universe,  into  the  complete  organism ; 
while  the  mode  in  whidi  that  power  is  exerted  (generally  as  Vital 
Force,  specially  as  the  determining  cause  of  the  form  peculiar  to  each 
type)  depends  upon  the  ^germinal  capacity'  or  directive  agency  in- 
herent in  each  particular  germ.     The  first  stage  in  this  constructive 
operation  consists  in  the  production  of  certain  Organic  Compounds  of 
a  purely  Chemical  nature — such  as  gum,  starch,  sugar,  chlorophyll,  oil, 
and  albumen — at  the  expense  of  the  oxygen,  hydrogen,  carbon,  and 
nitrogen,  derived  from  the  Water,  Carbonic  Acid,  and  Ammonia  of  the 
atmosphere ;  whilst  the  second  consists  in  the  further  elevation  of  a 
portion  of  these  organic  compounds  to  the  rank  of  Organized  Tissue  pos- 
sessing attributes  distinctively  Vital.    Of  the  whole  amount  of  Organic 
Compounds  generated  by  the  Plant,  it  is  but  a  comparatively  small 
part  (a)  that  undergoes  this  progressive  metamorphosis  into  living 
tissue.     Another  small  proportion  (h)  undergoes  a  retrograde  meta- 
morphosis, by  which  the  original  binary  components  are  reproduced ;  and 
in  this  descent  of  Organic  Compounds  to  the  lower  pluie,  the  power 
consumed  in  their  elevation  is  given  forth  in  the  form  of  Heat  and 
Organizing  Force  (as  is  specially  seen  in  Germination),  which  help  to 
raise  the  portion  a  to  a  higher  level.     But  by  far  the  larger  part  (c)  of 
the  Organic  Compounds  generated  by  Plants  remains  stored  up  in  their 
fabric,  without  undergoing  any  farther  elevation;    and  it  is  at  the 
expense  of  these,  rather  than  of  the  actual  tissues  of  Plants,  that  the 
life  of  Animals  is  sustained. 

When,  instead  of  yielding  up  any  portion  of  its  substance  for  the 
sustenance  of  Animals,  the  entire  Vegetable  organism  undergoes  retro- 
grade metamorphosis,  it  not  only  gives  back  to  the  Inorganic  World 
the  binary  compounds  from  which  it  derived  its  own  constituents,  but 
in  the  descent  of  the  several  components  of  its  fctbric  to  that  simple  con- 
dition— whether  by  ordinary  combustion  (as  in  the  burning  of  Goal)  or 
by  slow  decay — it  gives  out  the  equivalents  of  the  Light  and  Heat  by 
which  they  were  elevated  in  the  first  instance. 

In  applying  these  views  to  the  interpretation  of  the  phenomena  of 
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Animal  life,  we  find  onrselves,  at  the  commencement  of  our  inquiry, 
on  a  higher  platform  (so  to  speak)  than  that  from  which  we  had  to 
ascend  in  watching  the  cons^uctiye  processes  of  the  Plant.  For, 
whilst  the  Plant  had  first  to  prepare  the  pabulum  for  its  developmental 
operations,  the  Animal  has  this  already  provided  for  it,  not  only  at  the 
earliest  phase  of  its  development,  but  during  the  whole  period  of  its 
existence ;  and  all  its  manifestations  of  Vital  activity  are  dependent  upon 
a  constant  and  adequate  supply  of  the  same  pabulum.  The  first  of  these 
manifestations  is,  as  in  the  Plant,  the  building-up  of  the  organism  by 
the  appropriation  o£  material  supplied  from  external  som'ces  under  the 
directive  agency  of  the^erm.  The  ovum  of  the  Animal,  like  the  seed 
of  the  Plant,  contains  a  store  of  appropriate  nutriment  previously 
elaborated  by  the  parent :  and  this  store  suf&ces  for  the  development 
of  the  embryi  up  I  the  juried  at  which  it  can  obtained  digest  ali- 
mentary  materials  for  itseK.  That  period  occurs,  in  the  different 
tribes  of  animals,  at  very  dissimilar  stages  of  the  entire  developmental 
process.  In  many  of  the  lower  classes,  the  embryo  comes  forth  from 
the  egg,  and  commences  its  independent  existence,  in  a  condition 
which,  as  compared  with  the  adult  form,  would  be  as  if  a  Human 
embryo  were  to  be  thrown  upon  the  world  to  obtain  its  own  subsist- 
ence only  a  few  weeks  after  conception ;  and  its  whole  subsequent 
growth  and  development  takes  place  at  the  expense  of  the  nutriment 
which  it  ingests  for  itself.  We  have  examples  of  this  in  the  class  of 
Insects,  many  of  which  come  forth  from  the  egg  in  the  state  of  ex- 
tremely simple  and  minute  worms,  having  scarcely  any  power  of  move- 
ment, but  an  extraordinary  voracity.  The  eggs  having  been  deposited 
in  situations  fitted  to  afford  an  ample  supply  of  appropriate  nutriment 
(those  of  the  Flesh-fly,  for  example,  being  laid  in  carcases,  and  those 
of  the  Cabbage-Butterfly  upon  a  cabbage-leaf),  each  larva  on  its  emer- 
sion is  as  well  provided  with  alimentary  material  as  if  it  had  been 
furnished  with  a  large  supplemental  yolk  of  its  own ;  and  by  availing 
itself  of  this,  it  speedily  grows  to  many  hundred  or  even  many  thou- 
sand times  its  original  size,  without  making  any  considerable  advance 
in  development.  But  having  thus  laid  up  in  its  tissues  a  large  addi- 
tional store  of  material,  it  passes  into  a  state  which,  so  far  as  the  ex- 
ternal manifestations  of  life  are  concerned,  is  one  of  torpor,  but  which 
is  really  one  of  great  developmental  activity :  for  it  is  during  the  pupa 
state  that  those  new  parts  are  evolved,  which  are  characteristic  of  the 
perfect  Insect,  and  of  which  scarcely  a  trace  was  discoverable  in  the 
larva ;  so  that  the  assumption  of  this  state  may  be  likened  in  many 
respects  to  a  re-entrance  of  the  larva  into  the  ovum.  On  its  termina- 
tion, the  Imago  or  pei*fect  Insect  comes  forth  complete  in  all  its 
parts,  and  soon  manifests  the  locomotive  and  sensorial  powers  by  which 
it  is  specially  distinguished,  and  of  which  the  extraordinary  predomi- 
nance seems  to  justify  our  regarding  Insects  as  the  types  of  purely 
Animal  life.  There  are  some  Insects  whose  Imago-life  has  but  a  very 
short  duration,  the  performance  of  the  generative  act  being  apparently 
the  only  object  of  this  state  of  their  existence :  and  such  for  the  most 
part  take  no  food  whatever  after  their  final  emersion,  their  vital  acti- 
vity being  maintained,  for  the  short  period  it  endiu*es,  by  the  material 
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assimilated  during  their  larva  state.*  But  those  whose  period  of 
activity  is  prolonged,  and  upon  whose  energy  there  are  extraordinary 
demands,  are  scarcely  less  voracious  in  their  imago  than  in  their  larva- 
condition  ;  the  food  they  consume  not  heing  applied  to  the  increase  of 
their  bodies,  which  grow  very  little  after  the  assumption  of  the  imago- 
state,  but  chiefly  to  their  maintenance ;  no  inconsiderable  portion  of  it, 
however,  being  appropriated  in  the  female  to  the  production  of  ova, 
the  entire  mass  of  which  deposited  by  a  single  individual  is  sometimes 
enormous.  That  the  performance  of  the  generative  act  involves  not 
merely  a  consumption  of  material,  but  a  special  expenditure  of  force, 
appears  from  a  fact  to  be  presently  stated,  corresponding  to  that 
iJready  noticed  in  regard  to  Plants. 

Now  if  we  look  for  the  source  of  the  various  forms  of  Vital  force, 
— which  may  be  distinguished  as  constructive,  sensori-motor,  and 
generative, — that  are  manifested  in  the  different  stages  of  the  life  of  an 
Insect,  we  find  them  to  lie,  on  the  one  hand,  in  the  Heat  with  which 
the  organism  is  supplied  from  external  sources,  and,  on  the  other,  in 
the  Food  provided  for  it.  The  agency  of  Heat,  as  the  moving  power 
of  the  constructive  operations,  is  even  mere  distinctly  shown  in  the 
development  of  the  larva  within  the  egg,  and  in  the  development  of 
the  imago  within  its  pupa-case,  than  it  is  in  the  germinating  seed ; 
the  rate  of  each  of  these  processes  being  strictly  regulated  by  the 
temperature  to  which  the  organism  is  subjected.  Thus  ova  which  are 
ordinarily  not  hatched  until  the  leaves  suitable  for  the  food  of  their 
larvae  have  been  put  forth,  may  be  made,  by  artificial  heat,  to  produce 
a  brood  in  the  winter ;  whilst  on  the  other  band,  -if  they  be  kept  at  a 
low  temperature,  their  hatching  may  be  retarded  almost  indefinitely 
without  the  destruction  of  their  vitality.  The  same  is  true  of  the  pupa- 
state  ;  and  it  is  remarkable  that  during  the  latter  part  of  that  state,  in 
which  the  developmental  proces8  goes  on  with  extraordinary  rapidity, 
there  is  in  certain  Insects  a  special  provision  for  an  elevation  of  the 
temperature  of  the  embryo  by  a  process  resembling  incubation. 
Whether,  in  addition  to  the  heat  imparted  from  without,  there  is  any 
addition  of  force  developed  within  (as  in  the  germinating  seed)  by  the 
return  of  a  part  of  the  organic  constituents  of  the  food  to  the  condition 
of  binary  compoimds,  cannot  at  present  be  stated  with  confidence :  the 
probability  is,  however,  that  such  a  retrograde  metamorphosis  does 
take  place,  adequate  evidence  of  its  occurrence  during  the  incubation 
of  the  Bird's  egg  being  afforded  by  the  liberation  of  carbonic  acid, 
which  is  there  found  to  be  an  essential  condition  of  the  developmental 
process. — During  the  larva-state  there  is  very  little  power  of  main- 
taining an  independent  temperature,  so  that  the  sustenance  of  Vital 
Activity  is  still  mainly  due  to  the  heat  supplied  from  without.  But 
in  the  active  state  of  the  perfect  Insect  there  is  a  production  of  heat 

*  It  is  not  a  little  curious  that  in  the  tribe  of  JRotifera,  or  Wheel-animalcules, 
all  the  males  yet  discovered  are  entirely  destitute  of  digestive  apparatus,  and 
are  thus  incapable  of  taking  any  food  whatever ;  so  that  not  only  the  whole  of 
their  development  within  the  egg,  but  the  whole  of  their  active  life  after  their 
emersion  from  it,  is  carried  on  at  the  expense  of  the  store  of  yolk  provided  by  tlie 
parent. 

VOL.  I.  T 


262  Original  Articles.  [^^P^l, 

quite  comparable  to  that  of  warm-blooded  animala ;  and  tliis  is  effected 
by  the  retrograde  metamorphosis  of  certain  organic  constituents  of  the 
food,  of  which  we  find  the  expression  in  the  exhalation  of  carbonic 
acid  and  water.  Thus  the  food  of  Animals  becomes  an  internal 
source  of  heat,  which  may  render  them  independent  of  external 
temperature. — Further,  a  like  retrograde  metamorphosis  of  certain 
constituents  of  the  food  is  the  source  of  that  sensori-motor  power  which 
is  the  peculiar  characteristic  of  the  Animal  organism  ;  for  on  the  one 
hand  the  demand  for  food,  on  the  other  the  amount  of  metamorphosis 
indicated  by  the  quantity  of  carbonic  acid  exhaled,  bear  a  very  close 
relation  to  the  quantity  of  that  power  which  is  put  forth.  This 
relation  is  peculiarly  manifest  in  Insects,  since  their  conditions  of 
activity  and  repose  present  a  greater  contrast  in  their  respective  rates 
of  metamorphosis,  than  do  those  of  any  other  animals. — Of  the  exercise 
of  genercUive  force  we  have  no  similar  measure  ;  but  that  it  is  only  a 
special  modification  of  ordinary  vital  activity  .appears  from  this 
circumstance,  that  the  life  of  those  Insects  which  ordinarily  die  very 
soon  after  sexual  congress  and  the  deposition  of  the  ova,  may  be  con- 
siderably prolonged  if  the  sexes  be  kept  apart  so  that  congress  cannot 
take  place.  Moreover,  it  has  been  shown  by  recent  inquiries  into  the 
Agamic  reproduction  of  Insects  and  other  animals,  that  the  process  of 
Generation  differs  far  less  from  those  Beproductive  acts  which  must 
be  referred  to  the  category  of  the  ordinary  Nutritive  processes,  than 
had  been  previously  supposed. 

Thus,  then,  we  find  that  in  the  Animal  organism  the  demand  for 
food  has  reference  not  merely  to  its  use  as  a  material  for  the  con- 
struction of  the  fabric;  food  serves  also  as  a  generator  of  force;  and 
this  force  may  be  of  various  kinds, — Heat  and  Motor-power  being  the 
principal  but  by  no  means  the  only  modes  under  which  it  manifests 
itself.  We  shall  now  inquire  what  there  is  peculiar  in  the  sources  of 
the  Vital  Force  which  animates  the  organisms  of  the  higher  animals  at 
different  stages  of  Life. 

That  the  developmental  force  which  occasions  the  evolution  of  the 
germ  in  the  higher  Vertebrata  is  really  supplied  by  the  Heat  to  which 
the  ovum  is  subjected,  may  be  regarded  as  a  feet  established  beyond 
all  question.  In  Frogs  and  other  Amphibia,  which  have  no  special 
means  of  imparting  a  high  temperature  to  their  eggs,  the  rate 
of  development  (which  in  the  early  stages  can  be  readily  deter- 
mined with  great  exactness)  is  entirely  governed  by  the  degree  of 
warmth  to  which  the  ovum  is  subjected.  But  in  Serpents  there  is  a 
peculiar  provision  for  supplying  heat ;  the  female  performing  a  kind 
of  incubation  upon  her  eggs,  and  generating  in  her  own  body  a  tem- 
perature much  above  that  of  the  surrounding  air.*  In  Birds,  the 
developmental  process  can  only  be  maintained  by  the  steady  appli- 
cation of  external  warmth;  and  this  to  a  degree  much  higher  than  that 

*  In  the  Viper  the  eggs  are  usually  retained  within  the  oviduct  until  they  are 
hatched.  In  the  Python,  wliich  recently  went  through  the  process  of  incuhati(m 
in  tlie  Zoological  Gardens,  the  eggs  were  imbedded  in  the  coils  of  the  body ;  the 
temperature  to  which  they  were  subjected  (as  ascertained  by  a  thermometer  placed 
in  the  midst  of  them)  averaging  90^  F.,  whilst  that  of  the  cage  averaged  6(r  F. 
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which  is  needed  in  the  case  of  cold-blooded  animals ;  and  we  may 
notice  two  results  of  this  application  as  very  significant  of  the 
dynamical  relation  between  Heat  and  Developmental  Force, — first, 
that  the  period  required  for  the  evolution  of  the  germ  into  the  mature 
embryo  is  nearly  constant,  each  species  having  a  definite  period  of 
incubation, — and  second,  that  the  grade  of  development  attained  by 
the  embryo  before  its  emersion  is  relatively  much  higher  than  it  is  in 
cold-blooded  YertebratA  generally;  the  only  instances  in  which 
anything  like  the  same  sta^  is  attained  without  a  special  incubation, 
being  those  in  which  (as  in  the  Turtle  and  Crocodile)  the  eggs  are 
hatched  under  the  influence  of  a  high  external  temperature.  This 
higher  development  is  attained  at  the  expense  of  a  much  greater 
consumption  of  nutrient  material;  the  store  laid  up  in  the  "  food  yolk" 
and  *'  albumen  "  of  the  Bird's  egg  being  many  times  greater  in  propor- 
tion to  the  size  of  the  animal  which  laid  it,  than  that  contained  in  the 
whole  egg  of  a  Frog  or  a  Fish.  There  is  evidence  in  that  liberation 
of  carbonic  acid  which  has  been  ascertained  to  go  on  in  the  egg  (as 
in  the  germinating  seed)  during  the  whole  of  the  developmental 
process,  that  the  return  of  a  portion  of  the  organic  substances  pro- 
vided for  the  sustenance  of  the  embryo,  to  the  condition  of  simple 
binary  compounds,  is  an  essential  condition  of  the  process ;  and  since 
it  can  scarcely  be  supposed  that  the  object  of  this  metamorphosis  can 
be  to  furnish  heat  (an  ample  supply  of  that  force  being  afforded  by 
the  body  of  the  parent),  it  seems  not  unlikely  that  its  purpose  is  to 
supply  a  force  that  concurs  with  the  heat  received  firom  without  in 
maintaining  the  process  of  organization. 

The  development  of  the  embryo  within  the  body,  in  the  Mam- 
malia, imparts  to  it  a  steady  temperature  equivalent  to  that  of  the 
parent  itself ;  and  in  all  save  the  implacental  Orders  of  this  class,  that 
development  is  carried  still  further  than  in  Birds,  the  new-bom  Mam- 
mal being  yet  more  complete  in  all  its  parts,  and  its  size  bearing  a 
larger  proportion  to  that  of  its  parent,  than  even  in  Birds.  It  is 
doubtless  owing  in  great  part  to  the  constancy  of  the  temperature  to 
which  the  embryo  is  subjected,  that  its  rate  of  development  (as  shown 
by  the  fixed  term  of  utero-gestation)  is  so  uniform.  The  supply  of 
organizable  material  here  t^orded  by  the  ovum  itself  is  very  small, 
and  suffices  only  for  the  very  earliest  stage  of  the  constructive  process ; 
but  a  special  provision  is  very  soon  made  for  the  nutrition  of  the 
embryo  by  materials  directly  supplied  by  the  parent ;  and  the  imbi- 
bition of  these  takes  the  place,  during  the  whole  remainder  of  foetal 
life,  of  the  appropriation  of  the  materials  supplied  in  the  bird's  egg 
by  the  "  food  yolk"  and  "  albumen."  To  what  extent  a  retrograde 
metamorphosis  of  nutrient  material  takes  place  in  the  foetal  Mammal, 
we  have  no  precise  means  of  determining ;  since  the  products  of  that 
metamorphosis  are  probably  for  the  most  part  imparted  (through  the 
placental  circulation)  to  the  blood  of  the  mother,  and  got  rid  of 
through  her  excretory  apparatus.  But  sufficient  evidence  of  such  a 
metamorphosis  is  afforded  by  the  presence  of  urea  in  the  amniotic 
fluid  and  of  biliary  matter  in  the  intestines,  to  make  it  probable  that 
it  takes  place  not  less  actively  (to  say  the  least)  in  the  foetal  Mammal 
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than  it  does  in  the  Chick  in  ovo.  Indeed,  it  is  impossible  to  study 
the  growth  of  any  of  the  higher  organisms, — which  not  merely  con- 
sists in  the  formation  of  new  parts,  but  also  involves  a  vast  amount 
of  interstitial  change — without  perceiving  that  in  the  remodelling 
which  is  incessantly  going  on,  the  parts  first  formed  must  be  removed 
to  make  way  for  those  which  have  to  take  their  place.  And  such 
removal  can  scarcely  be  accomplished  without  a  retrograde  metamor- 
phosis, which,  as  in  the  numerous  cases  already  referred  to,  may  be 
considered  with  jgreat  probability  as  setting  free  constructive  force  to 
be  applied  in  the  production  of  new  tissue. 

If,  now,  we  pass  on  from  the  intra-uterine  life  of  the  Mammalian 
organism  to  that  period  of  its  existence  which  intervenes  between  birth 
and  maturity,  we  see  that  a  temporary  provision  is  made  in  the  acts  of 
lactation  and  nursing  for  affording  both  food  and  warmth  to  the  young 
creature,  which  is  at  iirst  incapable  of  adequately  providing  itself 
with  aliment,  or  of  resisting  external  cold  without  fostering  aid.  And 
we  notice  that  the  offspring  of  Man  remains  longer  dependent  upon 
parental  care  than  that  of  any  other  Mammal,  in  accordance  with  the 
higher  grade  of  development  to  be  ultimately  attained.  But  when  the 
period  of  infancy  has  passed,  the  child  that  is  adequately  supplied 
with  food,  and  is  protected  by  the  clothing  which  makes  up  for  the 
deficiency  of  other  tegumentary  covering,  ought  to  he  able  to  maintain 
its  own  heat,  save  in  an  extremely  depressed  temperature ;  and  this  it 
does  by  the  metamorphosis  of  organic  substances,  partly  derived 
from  its  own  fabric,  and  partly  supplied  directly  by  the  food,  int'O 
binary  compounds.  Duriug  the  whole  period  of  growth  and  develop- 
ment, we  find  the  producing  power  at  its  highest  point ;  the  circula- 
tion of  blood  being  more  rapid,  and  the  amount  of  carbonic  acid 
generated  and  thrown  off  being  much  greater  in  proportion  to  the  bulk 
of  the  body,  than  at  any  subsequent  period  of  life.  We  find,  too,  in 
the  large  amount  of  other  excretions,  the  evidence  of  a  rapid  metamor'- 
phosis  of  tissue ;  and  it  can  hardly  be  questioned  (if  our  general  doc- 
trines be  well  founded)  that  the  constructive  force  that  operates  in  the 
completion  of  the  fabric  will  be  derived  in  part  from  the  heat  so 
largely  generated  by  chemical  change,  and  in  part  from  the  descent 
which  a  portion  of  the  fabric  itself  is  continually  making  from  the 
higher  plane  of  organized  tissue  to  the  lower  plane  of  dead  matter. 
This  high  measure  of  vital  activity  can  only  be  sustained  by  an  ample 
supply  of  food ;  whi(ih  thus  supplies  both  matericd  for  the  construc- 
tion of  the  organism,  and  the  force  by  whose  agency  that  construction 
is  accomplished.  How  completely  dependent  the  constructive  process 
still  is  upon  Heat,  is  shown  by  the  phenomena  of  reparation  in  cold- 
blooded animals ;  since  not  only  can  the  rate  at  which  they  take  place 
be  experimentally  shown  to  bear  a  direct  relation  to  the  tempeititiu'e 
to  which  these  animals  are  subjected,  but  it  has  been  ascertained  that 
any  extraordinary  act  of  reparation  (such  as  the  reproduction  of  a  limb 
in  the  Salamander)  will  only  be  performed  under  the  influence  of  a 
temperature  much  higher  than  that  required  for  the  maintenance  of 
the  ordinary  vital  activity.  After  the  maturity  of  the  organism  has 
been  attained,  there  is  no  longer  any  call  for  a  larger  measure  of  con- 
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stractive  force  tban  is  required  for  the  maintenance  of  its  integrity ; 
but  there  seems  evidence  that  even  then  the  required  force  has  to  be 
supplied  by  a  retrograde  metamorphosis  of  a  portion  of  the  constituents 
of  the  food,  over  and  above  that  which  serves  to  generate  Animal 
Heat.  For  it  has  been  experimentally  found  that,  in  the  ordinary  life 
of  an  adult  Mammal,  the  quantity  of  food  necessary  to  keep  the  body 
in  its  normal  condition  is  nearly  twice  that  which  would  be  required 
to  supply  the  *' waste"  of  the  organism,  as  measured  by  the  total 
amount  of  excreta  when  food  is  withheld ;  and  hence  it  seems  almost 
certain  that  the  descent  of  a  portion  of  the  organic  constituents  of  this 
food  to  the  lower  level  of  simple  binary  compounds  is  a  necessary 
condition  of  the  elevation  of  another  portion  to  the  state  of  living 
organized  tissue. 

The  conditions  of  Animal  existence,  moreover,  involve  a  constant 
expenditure  of  Motor  force  through  the  instrumentality  of  the  Nervo- 
muscular  apparatus ;  and  the  exercise  of  the  purely  Psychical  powers, 
through  the  insti*umentality  of  the  brain,  constitutes  a  further  expen- 
diture of  force,  even  when  no  bodily  exertion  is  made  as  its  result. 
We  have  now  to  consider  the  conditions  under  which  these  forces  are 
developed,  and  the  sources  from  which  they  are  derived. 

The  doctrine  at  present  commonly  received  among  Physiologists 
upon  these  points  may  be  stated  as  follows : — The  functional  activity 
of  the  nervous  and  muscular  apparatuses  involves,  as  its  necessary 
condition,  the  disintegration  of  their  tissues ;  the  components  of 
which,  uniting  with  the  oxygen  of  the  blood,  enter  into  new  and 
simpler  combinations,  which  are  ultimately  eliminated  from  the  body 
by  the  excretory  operations.  In  such  a  retrograde  metamorphosis  of 
tissue,  we  have  two  sources  of  the  liberation  of  force ; — first,  its 
descent  from  the  condition  of  living,  to  that  of  dead  matter,  involving 
a  liberation  of  that  force  which  was  originally  concerned  in  its  organi- 
zation ;♦— and  second,  the  further  descent  of  its  complex  organic  com- 
ponents to  the  lower  plane  of  simple  binary  compounds.  If  we  trace 
back  these  forces  to  their  proximate  source,  we  find  both  of  them  in 
the  food  at  the  expense  of  which  the  Animal  organism  is  constructed  ; 
for  besides  supplying  the  material  of  the  tissues,  a  portion  of  that  food 
(as  already  shown)  becomes  the  source,  in  its  retrograde  metamor- 
phosis, of  the  production  of  the  Heat  which  supplies  the  constructive 
power,  whilst  another  portion  may  afford,  by  a  like  descent,  a  yet  more 
direct  snpply  of  organizing  force.  And  thus  we  find  in  the  action  of 
Solar  Light  and  Heat  upon  Plants — whereby  they  are  enabled  not 

♦  It  was  by  Liebig  (•Animal  Cliemistiy/  1842,)  that  the  doctrine  was  first 
distinctly  promulgated  wliicli  liad  been  Jilready  more  vaguely  affirmed  by  various 
Physiologists,  that  every  production  of  motion  by  an  Animal  involves  a  pro- 
portional disintegration  of  muscular  substance.  But  he  seems  to  have  regarded 
the  motor  force  produced  as  the  expression  only  of  tlie  vital  force  by  which  the 
tissue  was  previously  animated ;  and  to  have  looked  upon  its  disintegration  hy 
oxygenation  as  simply  a  conseqtience  of  its  deatli.  The  doctrine  of  the  *'  Corre- 
lation of  Forces"  being  at  that  time  undeveloped,  he  was  not  prepared  to 
recognize  a  source  of  Motor  power  in  the  ulterior  chemical  changes  which  the 
Bubstance  of  the  muscle  undergoes ;  but  seems  to  have  regarded  them  as  only 
oonoerned  in  the  production  of  Heat. 
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merely  to  extend  themselyes  almoBt  without  limit,  but  also  to  accu- 
mulate in  their  substance  a  store  of  Organic  Compounds  for  the  con- 
sumption of  animals — the  ultimate  source  not  only  of  the  materials 
required  by  animals  for  their  nutrition,  but  also  of  the  forces  of  yarious 
kinds  which  these  exert. 

Becent  investigations  have  rendered  it  doubtful,  however,  whether 
the  doctrine  that  every  exertion  of  the  functional  power  of  the  nervo- 
muscular  apparatus  involves  the  disintegration  of  a  certain  equivalent 
amount  of  tissue,  really  expresses  the  whole  truth.  It  has  been  main- 
tained, on  the  basis  of  carefully  conducted  experiments,  in  the  first 
place,  that  the  amount  of  work  done  by  an  animal  may  be  greater  than 
can  be  accounted  for  by  the  ultimate  metamorphosis  of  tiie  azotized 
constituents  of  its  food,  their  mechanical  equivalent  being  estimated  by 
the  heat  producible  by  the  combustion  of  the  carbon  and  oxygen  which 
they  contain  ;*  and  secondly,  that  whilst  there  is  not  a  constant  re- 
lation (as  affirmed  by  Liebig)  between  the  amount  of  motor  force 
produced  and  the  amount  of  disintegration  of  muscular  tissue  repre- 
sented by  the  appearance  of  urea  in  tiie  urine,  such  a  constant  relation 
does  exist  between  the  development  of  motor  fbree  and  the  increase  of 
carbonic  acid  in  the  expired  air,  as  shows  that  between  these  two  phe- 
nomena there  is  a  most  intimate  relationship.!  And  the  concurrence 
of  these  independent  indications  seems  to  justify  the  inference  that 
motor  force  maybe  developed,  like  Heat,  by  the  metamorphosis  of  con- 
stituents of  food  which  are  not  converted  into  living  tissue ; — an  in- 
ference which  so  fully  harmonizes  with  the  doctrine  of  the  direct 
convertibility  of  these  two  forces,  now  established  as  one  of  the  surest 
results  of  Physical  investigation,  as  to  have  in  itself  no  inherent  im- 
probability. Of  the  conditions  which  determine  the  generation  of 
motor  force,  on  the  one  hand,  from  the  disintegration  of  muscular 
tissue,  on  the  other  from  the  metamorphosis  of  the  components  of  the 
food,  nothing  definite  can  at  present  be  stated ;  but  we  seem  to  have  a 
typical  example  of  the  former  in  the  parturient  action  of  the  Uterus, 
whose  muscular  substance,  built  up  for  this  one  effort,  forthwith 
undergoes  a  rapid  retrograde  metamorphosis ;  whilst  it  can  scarcely 
be  regarded  as  improbable  that  the  constant  activity  of  the  Heart 
and  of  the  Respiratory  muscles,  which  gives  them  no  opportunity  of 
renovation  by  rest,  is  sustained  not  so  much  by  the  continual  renewal 
of  their  substance  (of  which  renewal  there  is  no  histological  evidence 
whatever)  as  by  a  metamorphosis  of  matters  external  to  themselves, 
supplying  a  force  which  is  manifested  through  their  instrumentality. 

To  siun  up :  The  Life  of  Man,  or  of  any  of  the  higher  AnimalB, 
essentially  consists  in  the  manifestation  of  Forces  of  various  kinds,  of 
which  the  organism  is  the  instrument ;  and  these  Forces  are  developed 

*  This  view  has  been  expreBsed  to  the  author  by  two  veiy  high  authorities. 
Prof.  Helmholtz  and  Prof.  William  Thomson,  independently  of  each  other,  as 
an  almost  necessary  inference  from  the  data  famished  by  the  experiments  of 
Dr.  Joule. 

t  On  these  last  points  reference  is  especially  made  to  the  recent  experimentB 
of  Dr.  Edward  Smith. 
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by  the  retrograde  metamorphoBiB  of  the  Organic  Compotmds  generated 
by  the  instrumentality  of  the  Plant,  whereby  they  ultimately  return 
to  the  simple  binary  forms  (water,  carbonic  acid,  and  ammonia,) 
which  Berre  as  the  essential  food  of  vegetables.  Of  these  Organic 
Compounds,  one  portion  (a)  is  converted  into  the  substance  of  the 
living  body,  by  a  constructive  force  which  (in  bo  far  as  it  is  not  sup- 
plied by  the  direct  agency  of  external  heat)  is  developed  by  the  retro- 
grade metamorphosis  of  another  portion  (h)  of  the  food.  And  whilst 
the  ultimate  descent  of  the  first-named  portion  (a)  to  the  simple 
condition  from  which  it  was  originally  drawn,  becomes  one  source  of 
the  peculiarly  Animal  powers— the  psychical  and  the  motor — exerted 
by  the  organism,  another  source  of  tiiese  may  be  found  in  a  like 
metamorphosis  of  a  further  portion  (c)  of  the  food  which  has  never 
been  converted  into  living  tissue. 

Thus,  during  the  whole  Life  of  the  Animal,  the  organism  is  restoring 
to  the  world  around  both  the  materials  and  the  forces  which  it  draws  • 
from  it;  and  after  its  death  this  restoration  is  completed,  as  in  Plants, 
by  the  final  decomposition  of  its  substance.  But  there  is  this  marked 
contrast  between  the  two  kingdoms  of  Organic  nature  in  their  material 
and  dynamical  relations  to  the  Inorganic  world,— that  whilst  the  Vege- 
table is  constantly  engaged  (so  to  speak)  in  raising  its  component 
materials  from  a  lower  plane  to  the  higher,  by  means  of  the  power 
which  it  draws  from  the  solar  rays,  the  Aidm&d,  whilst  raising  one  por- 
tion of  these  to  a  still  higher  level  by  the  descent  of  another  portion 
to  a  lower,  ultimately  lets  down  the  whole  of  what  the  Plant  had 
raised ;  in  so  doing,  however,  giving  back  to  the  universe,  in  the  form 
of  Heat  and  Motion,  the  equi^ulent  of  the  Light  and  Heat  which  the 
Plant  had  taken  from  it. 


ON  MILK,  AND  DAIET  ARRANGEMENTS. 

By  Dr.  Auaustus  Yoelgeeb,  Consulting  Chemist  to  the  Royal 

Agricultural  Society  of  England. 

Among  the  alimentary  materials  so  bountifully  supplied  to  man, 
there  are  few  that  may  rank  in  importance  by  the  side  of  the  fluid 
whose  constitution  we  are  about  to  examine.  Distinguished  by  a  just 
combination  of  flesh-forming  and  fat-producing  elements,  with  those 
salines  which  are  best  adapted  for  preserving  the  solution  of  the  solid 
materials ;  remarkable  for  the  facility  with  which  the  digestive  system 
appropriates  its  nutriment ;  time-honoured  as  the  support  of  helpless 
infancy ;  symbolical  of  mildness  and  sweetness,  its  very  simplicity 
would  seem  a  claim  to  its  exemption  alike  from  suspicion  or  inquiry  ; 
but,  alas !  for  the  materialism  of  the  age,  its  value  may  be  repre- 
sented by  so  many  pence,  its  mildness  is  perverted  by  adulteration, 
and  the  food  of  babes  is  too  often  suggestive  of  chalk  and  water,  with 
a  judicious  thickening  of  brains  and  treacle.  Milk,  like  everything 
else,  being  reducible  to  a  question  of  money,  we  do  not  hesitate  to 
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adopt  means  to  ensure,  as  far  as  possible,  that  we  obtain  oar  money's 
worth.  Professing,  as  we  do,  a  decided  preference  for  the  healthy 
and  natural  fluid,  over  any  artificial  representation  of  it,  however 
superior  in  the  estimation  of  the  vendor,  we  call  in  the  aid  of 
science,  to  inform  us  what  we  ought  to  have,  even  if  it  gives  us, 
at  the  same  time,  the  miserable  satisfaction  of  knowing  that  we  have 
it  not. 

General  Composition  and  Characters  of  Milk. —  Milk  is  the  secre- 
tion derived  from  the  blood  supplied  to  the  mammary  gland  of  the 
female  animal,  of  the  class  mammalia.  It  is  never  produced*  in  any 
quantity  until  after  parturition ;  but  during  the  latter  part  of  utero- 
gestation  it  occurs  in  appreciable  amounts,  and  instances  are  on  record 
where  it  has  been  obtained  from  the  gland  of  an  animal  previous  to 
impregnation.  The  fluid  secreted  before  parturition,  and  for  some' 
time  afterwards,  is  called  Colostrum,  and  contains  a  number  of  large 
corpuscules,  filled  with  oil  globules,  distinguished  as  the  "  Colostrum 
Corpuscules." 

Milk  is  white  in  colour,  opaque,  and  has  an  agreeable  sweetish 
taste  ;  the  odour  is  faint,  but  peculiar. 

Its  density  is  greater  than  that  of  water.  Cows'  milk,  of  good 
quality,  has  a  specific  gravity  of  about  1030 ;  human  milk  1020 ; 
Goats'  and  ewes'  milk  1035  to  1042,  and  asses'  milk  1019,  compared 
with  water  at  1000. 

The  chemical  reaction  seems  to  be  in  a  measure  dependent  upon 
the  food,  as  might  reasonably  be  expected,  Camivora  giving  milk 
possessing  an  acid  reaction,  and  Herbivora  an  alkaline  milk.  Al- 
though apparently  homogeneous,  it  may  be  separated  into  cream 
f which  consists  of  oil  globules,  formed  by  thin  envelopes  of  casein 
curd),  enclosing  the  fats  of  butter),  curd,  or  casein,  albumen,  milk- 
sugar,  and  mineral  matters,  consisting  chiefly  of  phosphate  of  lime  and 
magnesia,  as  bone,  earth,  and  salts  of  potassium  and  sodium,  with 
some  oxide  of  iron. 

Cream  —  varies  in  composition,  according  to  the  circumstances 
under  which  it  is  produced.  Four  dififerent  samples  analysed  in  my 
laboratory  yielded  the  following  results : — 


I. 


Water 

Butter  (pure  fatty  matters) 
^Casein      ........ 

Milk-sugar 

Mineral  matters  (ash)  . 


*  Containing  nitrogen    . 


74-46 

18-18 

2-69 

4-08 

0  59 


100  00 
•43 


n. 


64-80 
25-40 

|7-6l| 

2-19 


100  00 


•  •     •  • 


m. 


56-50 
31-57 

|8-44| 

3-49 


IV. 


61-67 

33-43 

2-62 

1-56 

0-72 


100-00 


• .     •  • 


100-00 
•42 


Cream  is  lighter  than  milk,  but  slightly  denser  than  pure  water ; 
consequently  it  sinks  in  distilled  water.  No.  1  was  skimmed  off  after 
standing  for  15  hours,  and  was  found  to  have  a  specific  gravity  of 
l'019d  at  62°  Fahr.     The  specific  gravity  of  two  other  samples  of 
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cream  which  stood  48  hours  was  1-0127  at  62°  Fahr.,  and  1-0129  at 
62°  Fahr.  Rich  cream,  I  find,  has  a  lower  specific  gravity  than  thin 
cream  mixed  with  a  good  deal  of  milk,  such  as  the  sample  analysed 
imder  No.  1. 

No.  2  may  be  taken  as  representing  the  composition  of  cream  of 
average  richness.  It  then  contains  about  on&-fourth  its  weight  of 
pure  butter. 

These  differences  in  the  composition  of  cream  fully  explain  the 
variable  quantities  of  butter  which  are  produced  by  a  given  bulk  of 
cream. 

On  an  average,  one  quart  of  good  cream  yields  from  13  to  15  ounces 
of  commercial  butter.  When  very  rich  in  fat,  it  will  yield  rather 
more.  Thus  Mr.  Horsfall  states  that  a  quart  of  cream  yielded  1  lb.  of 
butter  when  the  cows  were  at  grass,  and  22  to  24  ounces  when  they 
were  housed  and  fed  on  rape-cake,  bran,  and  other  substances  rich  in 
oil. 

The  portions  of  cream  which  first  rise,  are  thin,  but  rich  in  fat ; 
this  is  due  to  the  rupture  of  some  of  the  oil  globules  during  the  milk- 
ing, and  subsequent  agitation  to  which  milk  is  exposed ;  the  light 
fatty  contents  thus  liberated  naturally  rise  quickly  to  the  top  of  the 
vessel  in  which  the  milk  is  set. 

Good  and  poor  milk  differ  mainly  in  the  proportion  of  cream 
present ;  the  appearance  may  not  be  much  varied,  except  in  extreme 
cases;  consequently,  for  the  determination  of  the  quality,  more 
reliable  tests  are  required  than  the  mere  inspection  of  the  fluid ;  and 
as  a  preparatory  step  to  the  consideration  of  the  evidences  afforded  by 
the  specific  gravity  under  various  conditions,  a  few  observations 
may  be  offered  upon  the  microscopic  examination  of  milk  in  health 
and  disease.* 

Microscopic  Examination  of  Milk  in  Health  and  Disease,—  It  must  be 
some  consolation  to  those  who  delight  in  miserable  anticipations  of 
dreadful  mixtures  in  their  daily  food,  to  know  that  we  possess  a 
method  of  detecting,  with  absolute  certainty,  those  combinations  of 
"  brains,  chalk,  and  starch,"  a  haunting  suspicion  of  which  makes  thQ 
morning  and  evening  meal  distasteful. 

Without  positively  asserting  that  such  adulterations  never  exist, 
we  may  aver  that  we  have  never  met  with  an  instance.  Foreign 
matters,  of  a  nature  unsavoury  enough,  and  even  unwholesome,  we 
sometimes  find,  but  they  are  the  consequences  of  a  diseased  condition, 
or  of  an  absence  of  common  cleanliness.  Such  things  as  particles  of 
dirt,  from  the  milker's  hands  or  the  cow's  udder,  and  cuticular  scales 
from  the  same  sources,  are  common  enough.  Globules  of  pus  and 
blood  discs  are  also  found  less  frequently,  but  still  oftener  than  we 
like  to  believe.  It  will  not  be  thought  that  the  microscope  should  be 
the  companion  to  the  breakfEist-table :  but  in  all  cases  where  there  is 
the  least  cause  for  suspicion,  its  revelations  are  infallible,  and  set  at 
rest  the  doubt  that  is  worse  than  certainty. 

*  The  sabstance  of  the  remarks  on  the  microsoopic  appearance  and  the  illnstra- 
tions  have  been  kindly  contributed  by  my  friend  and  former  colleague,  Professor 
G.  T.  Brown. 
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allowed  to  remain  for  some  Hours  on  the  glass.  At  a  there  are  five 
of  them,  and  others  will  be  seen  among  the  milk  globules.  Some  uf 
the  blood  discs  have  assumed  a  stellate  form,  but  the  dark  centre  is 
equally  apparent  in  each. 

On  the  subject  of  the  Adulteration  of  Milk^  and  the  means  of  Detection^ 
nearly  every  writer  mentions  a  number  of  materials  said  to  be  used 
in  London,  and  other  large  towns,  for  the  purpose  of  so  improving  the 
colour  and  consistency  of  milk  that  the  water  added  to  increase  the 
bulk  may  not  l>e  so  readily  discovered.  Whatever  skill  the  milkman 
of  the  olden  time  may  have  possessed  in  this  department  of  his  trade, 
it  seems  to  us  that  he  of  the  present  day  is  deficient  in  the  modesty 
which  afflicted  his  predecessor.  We  find  now,  at  any  rate,  the 
"  cerulean  fluid  "  poured  unblushingly  into  our  jugs  without  an  effort 
to  disguise  the  sophistication,  which,  however  harmless,  not  the  less 
defrauds  us  of  our  duo  percentage  of  the  coveted  cream.  So  honestly^ 
indeed,  is  the  practice  indulged  in  that  we  know  more  than  one  dairy- 
man of  tender  conscience  who  professes  to  supply  milk  of  undoubted 
quality  for  the  consumption  of  invalids  and  babies,  while  the  robust 
are  treated  to  an  attenuation  of  the  most  unsubstantial  kind. 

The  prevalent  system  of  adulteration,  we  are  convinced,  consists 
in  the  admixture  of  water.  Where  the  demand  at  certain  seasons  par- 
ticularly exceeds  the  supply,  the  cow  with  the  iron  tail  never  fails 
to  meet  all  demands  however  unreasonable,  and  doubtless  deserves 
the  reputation,  so  long  ago  acquired,  of  being  the  milkman's  best 
friend. 

Besides  the  intentional  dilution  of  milk,  there  is  a  natural  dilution 
dependent  upon  the  derangement  of  the  secretive  function  by  the  food, 
as  is  the  case  when  such  matters  are  supplied  as  distillery  waste, 
bran  mashes,  grass  from  irrigated  meadows,  mangold  tops,  and  acid 
slops,  obtained  by  allowing  barley  meal,  cabbage  leaves,  and  other 
vegetable  matters  mixed  with  a  great  deal  of  water  to  pass  through 
the  lactic  acid  fermentation.  The  effect  of  such  food  is  to  induce  the 
secretion  of  a  large  amount  of  water,  and  thus  of  necessity  a  poor 
quality  of  milk. 

Whether  the  dilution  of  milk  be  intentional,  or  the  result  of 
certain  influences  acting  upon  the  system,  is  to  the  consumer  a  matter 
of  secondary  importance,  the  great  question  being  with  him  whether 
the  milk  is  of  good  or  bad  quality. 

My  own  experience  leads  me  to  conclude  that  a  specimen  of  milk 
is  rich  when  it  contains  12  per  cent,  of  solid  matters,  and  about  3 
per  cent,  of  pure  fat ;  anything  above  this  is  of  extra  rich  quality. 

Good  average  milk  contains  10  to  11  per  cent,  of  dry  matter,  and 
about  2^  per  cent,  of  pure  fat.     It  yields  9  to  10  per  cent,  of  cream. 

Poor  milk,  whether  naturally  or  artificially  diluted,  contains  90 
per  cent,  of  water,  and  less  than  2  per  cent,  of  pure  fat,  and  yields 
only  4  to  8  per  cent,  of  cream. 

For  the  purpose  of  determining  the  quality  of  milk,  jiumerous 
instruments  have  been  at  various  times  invented ;  some  of  them  are  of 
doubtful  utility,  and  nearly  all  require  great  tact  on  the  part  of  the 
manipulator. 
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Hydrometers,  or  lactometers,  specially  adjusted  for  testing  milk, 
may  be  obtained  at  a  cheap  rate  at  the  philosophical  instrument 
makers,  and  although  not  capable  of  furnishing  evidence  of  so  exact 
a  nature  as  would  be  obtained  by  analysis,  these  are.  nevertheless,  very 
much  more  useful  indicators  than  anyone  would  be  inclined  to  believe, 
who  did  not  know  how  far  the  specific  gravity  of  milk  is  a  test  of  its 
quality. 

The  lactometer  was  never  intended  to  indicate  the  relative 
richness  of  good  samples  of  milk,  but  to  point  out  whether  samples 
of  a  fair  Or  doubtful  appearance  had  been  watered,  or  were  of  a 
naturally  defective  composition;  and  this  purpose  it  satisfactorily 
fulfils. 

Experiments  were  instituted  in  my  laboratory  for  the  purpose  of 
ascertaining  the  influence  of  dilution  upon  the  specific  gravity,  and 
the  quantity  of  cream  thrown  up.  Water  being  the  standard  at  1000 ; 
cream  1012  to  1019,  and  good  milk  1*0320 ;  the  temperature  being 
always  62°  Fahr. 

The  following  results  were  obtained  : — 


Pure  milk  at  620  Fahr 

and  10  per  cent,  of  water  at  62«  Fabr. 
20 
30 
40 
50 


!• 


»» 


•• 


f> 


*t 


»l 


»» 


»• 


>t 


n 


»t 


Specific 
Gnivlty. 

10320 
10315 
1-0805 
10290 
10190 
10160 


FercenUgs 

of  Ofam 

iDbulk. 

IH 
10 

9 

8 

6 

5 


Experiments  made   upon  .milk    after   being  skimmed  gave  the 
following : — 


Skim  milk 
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From  these  investigations  it  appears : — 

1.  That  good  new  milk  has  a  specific  gravity  of  about  1*030. 

2.  That  skim  milk  is  a  little  more  dense,  being  about  1*034. 

3.  That  milk  which  has  a  specific  gravity  of  1*025  or  less^  is 
mixed  with  water,  or  naturally  very  poor. 

4.  That  when  milk  is  deprived  of  about  10  per  cent,  of  cream,  and 
the  oiigpial  volume  is  made  up  by  10  per  cent,  of  water,  the  specific 
gravity  of  such  skimmed  and  watered  milk  is  about  the  same  as  that 
of  good  new  milk ;  this  circumstance,  however,  does  not  constitute  any 
serious  objection  to  the  hydrometer,  as  milk  skimmed  to  that  extent 
cannot  be  mixed  with  water  without  becoming  so  blue  and  transparent, 
that  no  instrument  would  be  required  to  detect  the  adulteration. 

6.  That  when  unskimmed  nulk  is  mixed  with  only  20  per  cent,  of 
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water,  the  admixture  is  indicated  at  once  by  the  specifio  grayity  of 
about  1-025. 

6.  That  for  these  reasons  the  hydrometer  or  "  lactometer "  which 
gives  the  specific  grayity  of  Tnillf  is  well  adapted  for  detecting  the 
admixture  of  water,  or  to  show  an  unusually  poor  quality  of  the  un- 
adulterated milk. 

^1.  Circumstances  affecting  the  Qtialiiy  and  QuarUiiy  of  the  Milk. — 
The  period  of  the  milking  at  which  the  sample  is  taken.  During 
the  process  of  milking,  that  which  is  first  drawn  off  is  thin  and 
poor,  and  gives  little  cream :  improving  during  the  flow — the  last 
drawn — the  "  strippings  " — is  the  richest  in  qucJity,  yielding  better 
cream,  and  consequently  more  butter. 

Experiments  by  Eeiset  and  Pelligot  have  established  the  fact  that 
considerably  more  solid  matter  and  pure  fftt  are  contained  in  the  milk 
last  drawn  from  the  udder. 

This  superior  richness  of  the  last-drawn  mile  has  an  important 
bearing  upon  the  question  of  milking  machines.  The  new  American 
cow-milking  machine  fails  to  strip  the  udder,  according  to  the  united 
testimony  of  all  who  have  tried  it.  Such  a  fundamental  defect  must 
militate  against  its  general  introduction  into  England,  and  has  led  to 
its  disuse  in  the  United  States,  as  I  am  informed  by  the  secretary  of 
one  of  the  most  influential  State  Agricultiual  Societies. 

It  has,  to  my  own  knowledge,  been  tried  by  several  excellent 
judges,  who  remain  silent  as  to  its  merits,  not  liking  to  accept  the 
unpleasant  office  of  condemning  and  declining,  as  judicious  men,  to 
bestow  undeserved  praise. 

2.  Distance  from  the  time  of  Calving, — The  first  milk,  or  colostrum, 
is  thicker  and  yellower  than  ordinary  milk,  coagulates  by  heating,  and 
contains  an  unusually  large  quantity  of  casein  or  curd. 

Tn  ten  or  twelve  days  from  the  time  of  calving,  the  milk  assumes 
its  ordinary  condition,  and  the  flow  then  becomes  very  plentiful ;  but 
after  a  month,  or  thereabouts,  the  yield  gradually  diminishes  until 
the  animal  runs  dry,  usually  in  about  ten  months,  unless  when  suc- 
culent and  stimulating  food  is  given  to  excite  the  continuance  of  the 
secretion  for  a  longer  time. 

3.  Season  of  the  Tear  and  Food, — In  the  spring  and  early  part  of 
summer  milk  is  abundant,  and  of  good  flavour.  As  the  season 
advances  the  supply  is  diminished,  but  becomes  richer  in  butter. 
The  same  quantity  of  milk  which  in  August  scarcely  yielded  3  per 
cent,  of  pure  butter  and  3  per  cent,  of  curd,  in  November  produced 
4^  per  cent,  of  butter  and  3^  per  cent,  of  curd. 

A  series  of  observations,  made  for  the  purpose  of  ascertaining  the 
variations  in  the  quality  of  the  milk  on  the  same  jGajm  throughout  the 
year,  convinced  me  that  the  supply  of  food  was  chiefly  concerned,  the 
richness  or  poverty  of  the  diet  being  in  all  cases  represented  by  the 
quality  of  the  milk  yielded. 

In  November  and  December  the  cows  had  meal-nut  oil  given  to 
them,  which  is  the  refuse  left  after  pressing  ground  kernels  of  the 
palm-nut.     This  substancvO,  when  of  good  qimlity,  not  too  hardly 
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pressed,  is  veiy  nntritious  and  rich  in  fat,*  and  was  found  to  exercise 
a  decided  influence  upon  the  proportion  of  butter  in  the  milk. 

Brewers'  grains  are  generally  considered  to  possess  a  peculiarly 
stimulating  effect  upon  the  formation  of  the  mammary  gland.  M. 
Struckman,  of  Wartburg  in  Germany,  in  1855,  published  some  feeding 
experiments,  the  results  of  which  are  of  such  practical  importance  as 
to  justify  an  analysis  of  them  here. 

Four  good  and  four  bad  cows  were  selected,  and  the  diet  included 
brewers*  grains,  mangolds, -oat-straw,  and  rape-cake. 

"  Most  mi^  was  produced  by  6j^  lbs.  of  rape-cake,  86  lbs.  of 
mangolds,  and  25  lbs.  of  oat-straw  daily  to  each  animal." 

A  reduction  of  9-lOths  lb.  of  rape-cake  led  to  a  decrease  of  6 '  55 
litres  per  cow  daily ;  thus  1  lb.  of  rape-cake  represents  an  average  of 
1-J-  lb.  of  milk.  A  diminution  of  6  lbs.  of  grains  was  followed  by  a 
reduction  of  6 '  72  litres  of  milk ;  thus  1  lb.  of  grains  appears  to  have 
produced  }  lb.  of  milk. 

When  18  lbs.  of  brewers'  grains  were  replaced  by  4^  lbs.  of  rape- 
cake,  the  yield  of  milk  was  nearly  the  same ;  accordingly,  1  lb.  of 
rape-cake  was  equal  to  4  lbs.  of  grains,  in  its  power  of  producing  milk. 

Eape-cake  produced  milk  richer  in  butter ;  grains,  however,  pro- 
duced butter  of  more  delicate  flavour. 

During  the  experiments,  the  superior  cows  were  found  to  be  most 
influenced  by  the  changes  of  food.  In  the  inferior  animals  the  yield 
was  tolerably  uniform,  notwithstanding  they  were  subjected  to  the 
same  dietetic  changes. 

4.  Morning  and  Evening  Milk, — Popular  opinion  ascribes  to  the 
morning's  milk  a  superiority  in  quality.  Observations  on  this  point  do 
not  sanction  the  conclusion,  but  rather  tend  to  establish  the  conviction 
that  the  quality  of  the  milk  depends  upon  the  food  supplied  some 
hours  before  the  cows  are  milked. 

If  the  food  during  the  day  has  been  plentiful  and  good,  and  the 
evening's  food  innutritions  and  scanty,  the  evening  milk  is  of  superior 
quality  to  that  drawn  on  the  following  morning.  8hould  the  cows 
get  a  good  supply  of  rich  food  in  the  evening,  after  having  been 
stunted  or  fed  on  poor  food  during  the  day,  the  following  morning's 
milk  will  be  of  a  higher  quality  than  that  of  the  preceding  evening. 

Out  of  thirty-two  samples  of  morning  and  evening  milk,  I  found 
the  morning's  produce  to  be  richer  in  four  cases,  and  poorer  in  eight 
cases ;  whilst  in  four  instances  there  was  no  perceptible  difference. 

*  Compoiition  of  Palnhnui  Kemd-meal,  by  ike  Author. 

Ko.  1.  No.  2. 

Water 9-85  7-01 

Fatty  matters 24*14  22*45 

t  Albuminous  compounds  (flesh-ibrming  matters)  •     16*43  1 2  •  90 

Gum,  suj^r,  and  digestible  fibre          .         .         .26*60  26*61 

Woody  fibre  (cellulose) 19-58  27-70 

^Mineral  matters  (ash) 3*40  3-33 

100-00      100*00 
t  Containing  nitrogen        •         •         .      2*63  2*02 

X  Ck>ntaining  sand     •         •        •        •        *63  *97 
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5.  Breed  and  Size  of  the  Animal, — It  may  be  accepted  as  a  fact, 
that  animals  which  indicate  a  peculiar  aptitnde  to  fatten,  are  not  likely 
to  be  distinguished  as  milkers ;  He  do  not  assume  that  physiologically 
the  two  qualifications  are  incompatible,  rather  preferring  the  alter- 
native conclusion  that  so  much  attention  has  been  devoted  to  the 
selection  of  stock  possessing  the  requisite  qualities  for  feeding,  that 
the  milking  capabilities  have  been  passively  ignored  by  the  breeder. 
Pure  Shorthorns,  as  a  breed,  are  commonly  objected  to  on  the  ground 
of  their  deficiency  in  this  respect,  although  the  circumstances  of  some 
families  of  pure  bred  animals  being  celebrated  for  the  amount  and 
quality  of  their  milk,  would  seem  to  indicate  that  the  stigma  is  too 
indiscriminately  affixed  to  this  breed. 

The  Yorkshire  cow,  essentially  a  Shorthorn,  is  the  favourite  of 
cowkeepers  in  London  and  other  large  towns,  surpassing  all  others  in 
the  quantity  of  its  yield,  although  the  quality  loses  by  comparison 
with  that  of  smaller  breeds. 

If  breeders  would  make  it  an  object  to  cultivate  both  the  feeding 
and  milking  qualities,  there  is  nothing  in  previous  experience  opposed 
to  a  successful  result. 

Small  breeds,  or  small  individuals  of  large  breeds,  usually  give  a 
better  quality  of  milk  from  the.  same  food  than  large  ones.  The 
larger  animals  giving  a  better  return  in  quantity,  and  furnishing  more 
meat  for  the  butcher,  are,  however,  more  profitable. 

Where  good  quality  is  the  main  object,  Aldemeys  perhaps  will 
give  most  satisfaction,  for  they  give  richer  cream  than  any  other  breed 
in  conmion  use  in  this  country.  The  small  Kerry  cow,  and  the  minia- 
ture Breton,  produce  extremely  rich  milk  in  quantity  proportioned  to 
their  size. 

For  dairy  purposes  in  cheese  districts  the  Ayrshire  are  justly  cele- 
brated; indeed  they  seem  to  possess  more  completely  than  other 
breeds  the  power  of  converting  the  elements  of  food  into  cheese  and 
butter  ;  they  do  not,  on  the  other  hand,  lay  on  fat  and  flesh  well. 

A  cow  of  this  breed  bought  by  the  Duke  of  AthoU  from  Mr.  Wallace, 
Kirklandholm,  produced  from  April  11,  1860,  to  April  11,  1861, 
13,456  lbs.,  or  about  1305  gallons  of  milk,  which  at  Sd,  per  gallon 
would  be  worth  43Z.  10«. 

For  general  dairy  purposes  Shorthorns  are  probably  the  most  use- 
ful. The  dairy  farmer  will  naturally  select  those  that  are  more  dis^ 
tinguished  for  milking  qualities  than  for  their  tendency  to  fatten,  at 
the  same  time  not  losing  sight  of  the  latter  qualification,  which  will 
tell  when  the  animals  are  no  longer  profitable  for  his  dairy. 

Health,  Constitution,  and  Age  might  be  enlarged  upon  as  circum- 
stances affecting  the  composition  and  quality  of  the  milk :  their  in- 
fluence, however,  is  too  obvious  to  require  more  than  a  passing 
mention. 

On  Daibt  Arrangements. 

Aspect. — Our  great  aim  should  be  to  secure  a  position  favourable 
for  the  preservation  of  dryness  and  uniformity  of  temperature  all  the 
year  round.     The  best  aspect  is  one  facing  the  north,  although  this 
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cannot  be  considered  essential  so  long  as  the  room  can  be  kept  dry, 
well  ventilated,  and  protected  bj  blinds  from  the  direct  rays  of  the 
smi. 

Construction, — With  the  intent  to  secnre  the  coolness  which  every- 
one knows  to  be  desirable  in  summer,  the  dairy  is  sometimes  built  at 
a  lower  level  than  the  ground.  Underground  dairies,  however,  are 
frequently  damp  ;  so  that  on  a  clay  soil  it  is  better  to  choose  the  lesser 
of  two  evils,  and  to  build  on  a  level  *with  the  ground. 

In  such  localities,  it  is  well  to  put  a  drain  all  round  the 
building. 

The  walls  should  be  thick,  and  if  of  stone,  lined  inside  with  brick. 
Presuming  the  dairy  to  be  a  separate  structure,  the  roof  should  be 
covered  with  straw,  which,  being  a  bad  conductor,  best  ensures  a  uni- 
form temperature.  Stonesfield  slates  or  similar  limestone  flag-stones, 
or  if  these  cannot  be  procured,  common  red  tiles  should  be  used  in 
preference  to  black  roofing  slates,  which,  being  good  conductors,  be- 
come very  hot  in  summer.  The  floor  should  be  of  stone :  large  flag- 
stones well  set  in  cement  appear  to  me  preferable  to  ornamental  or 
common  small  tiles ;  as  it  is  an  object  to  lessen  the  number  of  cracks 
in  which  water  may  lodge,  rendering  the  floor  constantly  wet. 

Ventilation. — ^A  great  defect  in  many  of  the  dairies  in  England  is 
the  want  of  proper  ventilation.  This  is  a  fertile  source  of  dampness, 
so  especially  detrimental  to  the  preservation  of  milk.  One  of  the  most 
effectual  and  inexpensive  means  of  providing  for  a  renewal  of  air,  is  to 
put  up  a  perforated  zinc  grating  8  or  4  inches  broad,  which  may  be 
carried  aU  along  the  tops  of  tiie  windows.  In  addition,  a  whole 
window  made  to  open  and  shut  may  be  furnished  with  perforated  gal- 
vanized sheet  zinc. 

Eecourse  may  be  had  to  more  alaborate  appliances ;  but  the  more 
complicated  the  apparatus  the  more  difGlcult  it  will  be  to  keep  it  in 
working  order  in  the  hands  of  the  dairy  attendants. 

Temperature. — ^An  equable  heat  being  necessary  in  winter,  it  is  best 
supplied  by  hot- water  pipes ;  since,  with  a  stove  or  open  fire,  it  will 
be  impossible  to  regulate  the  degree  with  sufficient  nicety.  Too  much 
heat  &vours  decomposition,  and  too  little  is  unfavourable  to  the  rapid 
separation  of  the  cream. 

A  temperature  not  higher  than  65**  nor  lower  than  60**  Fahr.  is 
most  conducive  to  the  rising  of  the  milk  globules. 

An  accurate  thermometer  should  be  kept  in  the  dairy ;  and  on  no 
account  should  the  temperature  be  allowed  to  fall  below  55**.  Atten- 
tion should  be  directed  to  the  maintenance  of  a  uniform  degree  of 
60  as  far  as  it  is  possible  under  all  circtmistances. 

Benches  of  slate  or  marble  are  superior  to  wooden  ones;  but 
should  economical  considerations  lead  to  the  selection  of  wood,  it 
should  be  painted,  in  order  that  any  milk  accidentally  spilled  may 
be  readily  removed.  Milk  easily  penetrates  a  material  so  porous  as 
wood,  and  is  not  readily  removed.  Gold  water  is  quite  ineffective, 
and  even  afber  the  use  of  hot  water,  enough  milk  may  remain  in 
porous  wood  to  generate  an  active  ferment. 

MUk-pails  which  are   made    of  bright  tin  are  decidedly  better 
VOL.  I.  u 


•i«L.s,-ii-"-*t 


[  ^^ISjAS  t  ly  bestowed  in  ecoormg  the 
iptO  flLCO'ttiiU:  ▼^'7  cinicklj  :  tin  pails 

i-__ — ^n»E,«tinned  iron  or  well-^lazed 

iionable.     Zinc  pans  are 

^Kf  other  material ;  but  ziiio 

■■^  tinned  copper,   however 

k — ii.i. — 1.  -' carelesB  dairy- 

tbe  consnmer, 

for  keeping  Tnilfr 

ree  more  liable  to 

^  _  than  tin  pans. 

IS  JSA  i;ff -qnicker  the  cream  can  be 
'^'^nlllt  ^'^^  ^'^^  chnmisg,  and  the 
^80  (S.lto^r  according  to   Sennart'a 

~  \nPj|^}wfore  they  remove  it ;  bnt, 
and  of  thicker  con- 
^  _^  __  good  a  quality,  of  batter. 

li(4>^^hej^fUis  for  another  reason.     If 
'  'f^^'^lL'fJ^^ow  tinned-iron  pan,  the 
"""  "'       '  ■'        *     i  good  dairy  may 
season  when,  in 

Snld  be  mn  thrcn^  a  strain- 

-_-— ^~.. 1-i^-^'™^  6)repreBentsaTesBel 

@3t|ge^Jia3^^th  tied  roond  the  spont. 


'H?^c&£^inan  industry  is  cleanliness 
jaj.  _  _  .^J'^'sB'^&y thing  connected  with  the 
g4l^3iu^e«^!KEi^wed  npon  the  room  itself, 
*?  iS&C;^!^  vH'iG*l4s»i*e'«il8. 


1864.]  YoiEiiOEEB  on  MUk,  and  Dairy  Arrangements.  279 

The  injudiciouB  and  wasteful  employment  of  water  mnst  be  depre- 
cated. However  convenient  a  good  supply  undoubtedly  is,  it  must 
not  be  forgotten  that  a  damp  floor  and  moist  atmosphere  are  to  the 
last  degree  injurious.  Whatever  water  is  used  should  be  scalding  hot, 
and  its  evaporation  assisted  by  a  current  of  air.  All  the  utensils 
should  be  washed  without  delay,  instead  of  being  set  aside  until 
wanted.  The  dairy-maid  should  not  show  her  zeal  for  keeping  the 
dairy  clean  by  splashing  water  about.  Above  all,  she  should  prevent 
men  or  women  entering  her  domain  with  dirty  shoes,  or  in  any  way 
bringing  dirt  into  the  dairy.* 

Li  wet  weather  the  introduction  of  dirt  may  be  unavoidable,  but  it 
may  be  reduced  to  a  minimum  by  having  a  good  scraper  and  rough  door- 
mat at  the  entrance,  as  well  as  a  pair  of  wooden  e&oes,  which  may  be 
easily  slipped  on  and  aS,  for  each  man  who  brings  in  the  milk. 

Anyone  who  doubts  the  ef&cacy  of  these  simple  means  should 
visit  North  Brabant,  which  is  justly  celebrated  for  its  excellent  butter. 
Dairies,  which  are  models  for  cleanliness,  can  be  seen,  not  here  and 
there,  but  almost  universally  throughout  the  district.  It  is,  we  are 
quite  aware,  difficult  to  ensure  the  proper  conduct  of  a  dairy  with  all 
the  requisite  exactitude,  but  the  trouble  is  weU  bestowed,  and  cleanli- 
ness, like  any  other  virtue,  is  its  own  reward. 
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PROCEEDINGS  OF  METROPOLITAN  SOCIETIES/ 


THE  ROYAL  ASTRONOMICAL  SOCIETY. 

Thb  contributions  to  the  transactions  of  this  Society  have  been,  daring 
the  period  which  we  are  about  to  chronicle — namely,  the  months  of 
November,  December,  and  January — of  an  extremely  interesting  cha- 
racter, and  the  subject  to  which  the  largest  amount  of  new  information 
has  been  added  is  the  physical  character  of  the  Sun. 

Let  us  state  by  way  of  preface,  however,  that  at  the  first  meeting 
of  the  session,  November  13, 1863,  the  business  of  the  meeting  com- 
menced with  an  announcemeut  from  the  chairman.  Dr.  Lee,  Y.P.  (who 
presided  in  the  absence  of  the  President,  the  Astronomer  Royal),  to 
the  effect  that  an  Anglo-French  astronomical  treaty  had  been  made, 
the  contracting  parties  being  M.  Le  Yerrier,  the  director  of  the  Paris 
Observatory,  on  the  one  side,  and  our  own  Astronomer  Royal  on  the 
other ;  the  object  of  which  is  so  to  divide  the  large  amount  of  work 
that  is  usually  exacted  from  national  observatories  between  the  two 
establishments  so  that,  whilst  nothing  important  is  omitted,  the  astro- 
nomical observer  shall  have  some  relief  at  those  seasons  when  the  re- 
quirements of  science  press  peculiarly  heavy  upon  him. 

The  observations  of  the  Moon,  as  our  readers  are  aware,  have  ever 
been  followed  at  the  Greenwich  Observatory  with  unfailing  assiduity. 
Whilst  that  body  passes  the  meridian  in  the  evening,  the  addition  of 
the  planetary  observations  only  adds  to  the  labour  of  the  Observatory 
in  proportion  to  the  number  of  observations  ;  but  when  the  moon  is  a 
morning  observation,  the  evening  observations  of  the  planets  add  a 
very  oppressive  labour.  In  order  to  diminish  this  oppression  on  the 
staff^  an  arrangement  of  the  following  kind  has  been  made  between  the 
directors  of  the  two  Observatories  : — The  Paris  Observatory  undertakes 
the  planetary  observations  from  full  moon  to  new  moon,  the  Greenwich 
Observatory  those  from  new  moon  to  fiill  moon.  The  small  planets 
are,  with  some  few  exceptions,  observed  only  between  the  hours  10 
and  13,  solar  time.  It  is  to  be  hoped  that  this  example  wiU  be  fol- 
lowed, not  only  by  public  Observatories,  but  by  the  many  private 
establishments  which  are  in  the  habit  of  doing  good  work.  A  very 
great  amount  of  labour  and  time  is  no  doubt  wasted  through  the  want 
of  combined  effort. 

We  must,  however,  for  the  present  pass  over  the  papers  read  at  the 
November  meeting,  and  refer  to  two  by  the  Rev.  W.  R.  Dawes,  at 
those  of  December  and  January,  on  "  The  Telescopic  Appearance  of  ike 
Exterior  Envelope  of  the  Sun  and  of  its  S^ots" 

Solar  physics  always  command  a  great  deal  of  interest,  and  the  name 

*  Our  limited  space,  and  still  incomplete  organization,  necessitate  the  post- 
ponemeni  of  articles  on  the  Proceedings  of  two  or  three  Metropolitan  Sdentifie 
Societies. 
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of  Mr.  Dawes  is  so  well  known  in  that  particular  field  of  research  that 
any  paper  from  him  on  the  subject  is  heard  with  respect.  The  author 
commenced  by  pointing  out  the  danger  there  was  that  observers,  fur- 
nished with  the  more  powerful  telescopes  now  generally  in  use  for 
solar  inspection,  would  consider  as  new  discoveries  what  was  really  only 
the  revelation  of  superior  telescopic  power ;  but  which  remained  un- 
revealed  in  the  diminished  apertures  formerly  in  use.  This  would  be 
more  likely  the  case  where  new  names  have  been  applied  by  a  recent 
observer  to  phenomena  long  familiar  to  others,  though  previously  un- 
named. Mr.  Dawes  has  therefore  considered  it  advisable  to  describe 
veiy  minutely  appearances  which  were  observed  long  ago,  that  the 
new  observer  should  know  precisely  what  has  already  been  seen  in 
good  instruments.  Such  an  explanation  was  undoubtedly  needed,  as 
it  is  calculated  to  save  much  anxiety  to  the  unpractised  observer. 

With  regard  to  the '  mottled '  appearance  of  the  solar  surface,  which 
18  familiar  to  every  observer,  but  in  the  description  of  which  so  many, 
and,  to  our  minds,  fanciful  images  have  been  used,  Mr.  Dawes  makes 
the  following  remarks  : — *^  Examined  with  a  large  aperture,  such  as  6 
or  8  inches,  it  becomes  evident  that  the  surface  is  principally  made  up 
of  luminous  masses,  imperfectly  separated  from  each  other  by  rows  of 
minute  dark  dots, — the  intervals  between  these  dots  being  extremely 
small,  and  occupied  by  a  substance  decidedly  less  luminous  than  the 
general  surfEuse.'*  .  .  .  *' This  gives  the  impression  of  a  division  between 
the  luminous  masses,  especially  with  a  comparatively  low  power,  which, 
however,  when  best  seen  with  high  powers,  is  found  to  be  never  com- 
plete." .  .  .  *'  The  masses  thus  incompletely  separated  are  of  almost 
every  variety  of  irregular  form ; — ^the  rarest  of  all,  perhaps,  being  that 
which  is  conveyed  to  my  mind  by  Mr.  Nasmyth's  appellation  of '  wiUow- 
leaves ;'  viz.  long^  narrow,  and  pointed.*'  *  .  .  .  "  Indeed  the  only  situ- 
ation in  which  I  have  usually  noticed  them  to  assume  anything  like 
that  shape,  is  in  the  immediate  vicinity  of  considerable  spots,  on 
their  penuwhrcBy  and  frequently  projecting  beyond  it  irregularly  for  a 
small  distance  on  to  the  umbra.'* 

Mr.  Dawes  negatives  the  opinion,  held  by  Sir  John  Herschel,  amongst 
others,  and  mentioned  in  his  OtUlines,  that  the  minute  dark  dots  are 
ever  in  a  state  of  change.  He  believes,  from  his  own  experience,  that 
when  observers  have  fkmcied  they  detected  change,  it  was  due  to  the 
influence  of  atmospheric  action.  There  is,  however,  an  exception  to 
this  state  of  quietude,  "  in  the  immediate  vicinity  of  spots  which  are 

*  At  the  next  meeting  of  the  Society,  a  letter  from  Mr.  Kaamyth  to  Mr. 
Hodgson  was  read,  in  which  the  former  gentleman  made  the  following  remarks 
concerning  the  **  willow  leaves  "  : — 

**The  filaments  in  question  are  seen,  and  appear  well  defined,  at  the  edges  of 
the  Inminous  surface  where  it  overhangs  the  *  penumbra,'  as  also  in  the  details  of 
the  penumbra  itself,  and  most  especially  are  they  seen  clearly  defined  in  the 
details  of '  the  bridges,'  as  I  term  those  bright  streaks  which  are  so  frequently 
seen  stretching  across  from  side  to  side  over  the  dark  spot  So  far  as  I  have  yet 
had  an  opportunity  of  estimating  their  actual  magnitude,  their  average  length 
appears  to  be  about  1,000  miles,  the  width  about  100." 

**  There  appears  no  definite  or  symmetrical  arrangement  in  the  manner  in 
which  they  are  scattered  over  the  surface  of  the  sun  ;  they  appear  to  licT  across 
each  other  in  all  possible' variety  of  directions." 
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either  rapidly  enlarging  or  cloeing.  Tt  is  under  these  circumstances 
especially  that  the  luminous  masses  are  found  to  become  more  elongated. 
This  is  also  more  remarkably  the  case  when  they  are  preparing  for  a 
rush  across  a  chasm,  and  thus  forming  those  luminous  bridges  which 
so  oftien  intersect  considerable  spots." 

After  detailing  some  more  feusts  connected  with  the  formation  of 
these  luminous  bridges,  the  author  draws  attention  to  the  distinction 
between  the  true  or  blacker  nucleus^  and  the  uwibra.  In  aknost  all 
large  spots  the  former  is  found  to  occupy  some  portion  of  the  latter ; 
and  the  author  thinks  that  the  establishment  of  the  fact  of  the  exist- 
enoe  or  absence  of  such  black  nucleus  is  *'  sufficient  to  determine,  or 
at  least  to  throw  much  light  upon  the  origin  of  the  spot ;  and  that 
the  origin  of  those  in  which  the  nucleus  exists  is  widely  different  from 
the  origin  of  those  from  which  it  is  absent." 

The  author*s  second  paper  on  the  same  subject,  delivered  in  January, 
was  to  some  extent  a  recapitulation  of  the  first,  after  which  he  proceeded 
to  communicate  further  details  concerning  the  solar  spots. 

These  he  divides  into  two  classes,  which  he  names  the  profound  and 
the  superficial ;  and  thus  describes  the  characteristics  of  each. 

<*  The  profound. — In  this  class  I  should  include  those  which  give 
evidence  of  involving  all  the  visible  envelopes,  the  disturbance  being 
observable  through  them  aU,  and  down  to  what  appears  to  be  the  body 
of  the  sun  itself." 

"  The  superficial  spots, — These  appear,  from  the  general  tenour  of 
my  observations,  to  be  almost  always  produced  by  convulsions  of  some 
kind  in  the  photosphere  itself,  or  at  a  small  depth  below  it.  But, 
from  the  extraordinary  variety  of  the  effects,  I  confess  that  1  am  not 
prepared  to  add  anything  to  tike  suggestions  already  advanced  as  to  the 
character  of  those  convulsions,  or  the  means  by  which  they  may  be 
produced.** 

With  regard  to  the  probable  formation  of  the  profound  spots,  Mr. 
Dawes  arrives  at  the  following  conclusions  : — 

<t  An  immense  volume  of  some  non-inflammable  gas,  discharged 
with  prodigious  force  from  the  body  of  the  sun  by  volcanic  or  some 
similar  agency,  bursts  through  the  cloudy  stratum,  rolling  back  on  all 
sides  the  displaced  portion  of  that  stratum,  and  producing  ti^t  heaped-up 
appearance  at  its  inner  and  lighter  edge.  The  Uaek  hole  produced 
in  the  stratum  by  this  volcanic  eruption  forms  the  nucleus  of  the  spot." 
'*  Having  passed  through  the  cloudy  stratum,  the  evolved  gas  comes 
within  the  influence  of  the  heating  power  of  the  self-luminous  penum- 
bral  stratum ;  and  being  greatly  expanded  thereby,  its  increased  volume 
removes  a  far  larger  area  of  this  second  stratum  than  of  the  first ;  thus 
laying  bare  a  considerable  portion  of  the  upper  surface  of  the  cloudy 
stratum,  and  producing  the  umbra  of  the  spot.  Here,  too,  the  rolling 
back  of  the  removed  portion  causes  a  heaped-up  and  brighter  appear- 
ance at  the  inner  edge  of  the  penumbra.  Being  still  farther  heated,  and 
expanded  by  approaching  the  photosphere,  a  similar  effect  is  produced 
upon  this  upper  stratum,  but  to  a  far  greater  extent ;  and  a  much 
larger  portion  of  the  photosphere  is  thrown  off  on  all  sides,  which 
being,  as  before,  rolled  back  upon  the  rest,  gives  the  appearance  of  a 
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been  making  experiments  with  it,  in  the  unsilvered  state,  upon  celes- 
tial objects,  with  the  view  of  ascertaining  how  far  a  diminution  of  light 
and  consequently  of  the  evils  of  irradiation,  combined  with  a  large 
aperture,  might  be  of  advantage  in  particular  cases.  For  this  purpose, 
on  the  20th  of  September,  at  about  6  p.m  ,  before  the  sun  had  set,  I 
turned  the  telescope  upon  the  moon,  then  a  few  hours  past  her  first 
quarter.  I  had  no  sooner  focussed  the  telescope  (power  120)  than  I  was 
astounded  at  observing  that  the  limb  of  the  moon  was  entirely  out  of 
shape ;  that  it  was,  in  fact,  irregularly  polygonal,  as  if  several  large 
segments  had  been  cut  off  the  spherical  limb-— not  the  terminator." 

Upon  observing  these  remarkable  appearances  the  author  wrote  to 
his  friend,  Mr.  Webb,  who,  on  examination,  at  once  detected  them ;  and 
proved  their  existence  beyond  a  doubt  by  the  use  of  the  wire  of  the 
micrometer.  Subsequently,  September  25th,  when  Mr.  Key  again  ex- 
amined the  limb  he  was  only  able  to  trace  a  very  faint  appearance  of 
a  depression.  From  this  circumstance  the  author  is  led  to  believe  that 
the  maximum  visibility  of  these  depressions  only  lasts  for  a  short 
period ;  and  that  the  effect  of  irradiation  wotdd  render  their  detection  in 
ordinary  instruments  extremely  difficult. 

Now  that  this  extraordinary  phenomenon  has  been  once  discovered, 
it  is  to  be  hoped  that  observers  will  direct  their  attention  to  so  interest- 
ing a  subject,  and  wiU  provide  themselves  with  instruments  calculated 
to  exhibit  more  perfectly  the  true  form  of  the  limb.  For  this  object 
Mr.  Key  strongly  urges  the  adoption  of  the  plain,  in  addition  to  the 
silvered  speculum.  We  should  state  that  the  drawing  was  made  from 
memory  the  following  day,  and  although  it  but  represents  roughly  the 
positions  of  the  depressions,  he  does  not  consider  them  exaggerated. 
The  deepest  depression  below  the  surface  of  the  moon  he  estimates  at 
about  25  miles. 

A  paper,  ^^  On  the  Origin  of  the  apparent  Luminous  Band  which^  in  par- 
tial Edipses  of  the  Suny  has  been  seen  to  surround  the  Visible  Portion  of  the 
Moon's  Limb"  was  communicated  to  the  Society  by  G.  B.  Airy,  Astro- 
nomer Boyal.  Th^  object  of  this  paper  was  "to  show,  by  optical 
investigation,  that  no  refraction  can  cause  a  change  in  the  apparent 
brightness  of  the  surface  viewed."  As  the  paper  was  necessarily  of  a 
purely  mathematical  character,  we  shall  content  ourselves  with  merely 
giving  our  readers  its  general  results.  Having  arrived,  from  this 
treatment  of  the  subject,  at  the  conclusion  that  ''  refraction  by  a  lunar 
atmosphere  cannot  explain  the  more  luminous  band  which  appears  to 
surround  the  moon's  limb  where  it  crosses  the  sun's  disc,"  the  author 
goes  on  to  state  his  opinions  on  its  real  origin  in  very  positive  terms : 
"  I  have  no  difficulty  in  explaining  to  myseS  the  origin  of  the  luminous 
band  in  question.  It  is  strictly  an  ocular  nervous  phenomenon ;  not 
properly  subjective,  but  sensational — a  mere  effect  of  contrast.  I  have 
seen  it  so  frequently  under  circumstances  very  different  from  these, 
that  I  cannot  have  the  smallest  doubt  on  the  matter." 

In  this  paper  the  author  entertains  views  antagonistic  to  those 
previously  expressed  by  Professor  Challis,  in  a  paper  contained  in  the 
'  Monthly  Notice,'  June  12,  1863,  and  at  the  meeting  in  January  last 
Professor  Challis  communicated  a  paper  "  On  the  Calculaiion  of  an 
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Optical  Effect  of  Atmospheric  Befraction,*^  which  is,  in  fact,  a  reply 
to  Mr.  Airy*s.  The  latter  observer,  in  his  argument,  assumed  the 
effect  of  an  atmosphere  to  be  analogous  to  that  of  a  convex  lens,  and  on 
this  assumption  investigated  the  case  mathematically.  But  Professor 
Ghallis  contends  that  the  courses  of  rays  passing  through  a  medium 
of  variable  density,  like  the  atmosphere,  cannot  be  similar  to  those 
passing  through  a  convex  lens ;  and  that,  therefore,  in  investigating 
the  point  at  issue,  respect  must  be  had  to  the  variation  of  the  refractive 
index,  in  passing  from  one  point  of  the  medium  to  another. 

The  Astronomer  Eoyal  has  also  contributed  a  few  remarks  on  the 
amount  of  light  given  by  the  moon  at  the  greatest  stage  of  the  1863 
Jnne  1  eclipse.  As  this  eclipse,  from  the  cloudless  state  of  the  sky, 
was  very  generally  an  object  of  observation,  we  give  the  Astronomer 
Boyal's  remarks  in  ftdl :  — 

**  The  state  of  sky  and  of  atmosphere  was  exceedingly  fsivonrable 
for  observation  of  the  lunar  eclipse  of  last  night.  At  the  time  of 
greatest  obscuration,  I  carefully  compared  the  light  of  the  moon  with 
that  of  several  neighbouring  stars.  This  I  could  do  with  considerable 
accuracy,  by  observing  the  objects  with  the  eye  unarmed,  as  my  near- 
sightedness converts  every  object  into  a  broad  luminous  disc,  and  there 
is  no  essential  difference  in  the  appearance  of  the  moon  and  of  a  star, 
excepting  in  the  quantity  of  light.  In  this  manner  I  fonnd  that  the 
light  of  the  moon  considerably  exceeded  that  of  Antares,  sensibly 
exceeded  that  of  Spica^  and  somewhat  exceeded  that  of  a  Ophiuchi,  but 
was  a  very  little  less  than  that  of  a  Aquilce^ 

'^  It  will  be  remarked  that  the  moon's  centre  was  22'  distant  frrom 
the  centre  of  the  shadow  at  the  time  of  conjunction  in  B.A.,  so  that 
the  moon  was  not  very  deeply  plunged  in  the  umbra.  Had  the  eclipse 
been  central,  the  light  woiUd  have  been  much  less." 

We  have  to  notice  briefly  the  following  papers,  communicated  at 
the  meetings  of  November,  December,  and  January;  to  which  our 
limited  space  prevents  our  making  a  more  lengthened  reference : — 

F.  Abbott,  Esq.,  communicated  some  observations  on  the  variable 
star  yj  Argus,  This  same  tj  Argus  has  been  an  object  of  scrutiny  by 
other  astronomers,  and  to  whom  it  has  caused  some  perplexity,  and, 
amongst  others,  by  Sir  John  Herschel,  when  at  the  Cape,  with  an  18- 
inch  reflector.  On  that  occasion.  Sir  John  wrote  in  the  following 
terms : — "  No  part  of  this  Nebula  shows  any  sign  of  resolution  into 
stars."  The  form  of  the  Nebula  amongst  which  the  star  was  situated  is, 
as  our  readers  are  aware,  figured  in  the  ^  Outlines  of  Astronomy'  in  the 
shape  of  a  dumb-bell,  the  star  appearing  of  the  first  magnitude,  and 
situated  in  its  most  dense  part.  It  now  seems  that,  although  the  star  is 
in  the  dark  space,  out  of  tiie  Nebula,  which  has  altered  in  form,  it  only 
appears  as  a  body  of  the  sixth  magnitude.  These  changes,  both  in 
Nebula  and  star,  have  taken  place  between  1838,  the  date  of  Sir  John's 
observations,  and  last  year,  when  Mr.  Abbott  examined  it.  The 
author  suggests  that  the  variability  of  the  star  might  be  occasioned  by 
the  interference  of  the  nebulosity  surrounding  it. 

A  letter  was  read  from  Mr.  Higgens,  addressed  to  Admiral  Smyth, 
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in  which  the  writer  forwarded  some  notes  on  the  two  component  stars 
of  95  HercuUe.  The  instruments  nsed  were  a  S^-inch  acromatic  with 
80,  and  a  4-inch  with  115 :  both  by  Cooke  of  York.  Mr.  Higgens 
observed  these  stars  in  April,  May,  and  Angost  last,  and  witnessed 
some  remarkable  changes  in  their  apparent  colour.  From  the  fact  of 
both  stars  appearing  to  change  their  colour  simultaneously,  the  Astro- 
nomer BoycJ  thought  it  implied  some  possible  change  in  ihe  telescope, 

Capt.  Noble,  and  0.  L.  Prince,  Esq.,  communicated  their  observa- 
tions of  Venus  at  the  Inferior  Conjunction ;  the  latter  gentleman  also 
his  observations  of  the  occultation  of  k  Cancri  by  the  Moon,  on  the 
26th  April  1863. 

Sir  A.  Lang  sent  some  observations  made  in  the  Island  of  St. 
Croix,  at  the  rising  of  the  sun,  with  a  view  to  determine  the  Befrao- 
tion :  also,  some  notes  on  remarkable  sun-spots  in  1862-63. 

The  elements  of  the  new  Minor  Planet  @,  10th  magnitude,  dis- 
covered by  Mr.  Watson,  Director  of  the  Ann  Arbour  Observatory, 
were  also  given. 

An  extract  from  a  letter  to  Mr.  De  La  Bue,  from  Dr.  Winnecke, 
was  read,  which  went  to  show  the  probability  of  the  variableness  of 
light  of  some  of  the  feebler  stars  about  the  neighbourhood  of  the  Tra- 
pezium in  the  great  Nebula  of  Orion. 

The  translation  of  a  paper  by  P.  A.  Hansen,  "  Calculation  ofihe 
Sun^s  ParaUaxfirom  the  Lunar  Theory"  was  communicated  by  Mr.  Airy. 
The  result  gave  8.''9159  as  the  Parallax. 

Besults  of  the  meridional  observations  of  small  Planets,  Angelina 

and  Oybele  @;   also  occultation  of  stars  by  the  Moon;    and 
enomena  of  Jupiter's  satellites ;  made  at  the  Boyal  Observatory, 
were  given  by  the  Astronomer  Boyal. 

New  Elements  of  Leto  @  were  communicated  by  Dr.  Luther,  of 
Berlin 

The  Elements  and  Ephemeris  of  Comet  1 Y,  and  notes  of  observa- 
tions of  Comet  lY  and  Y,  1863»  by  H.  Bomberg,  were  communicated 
by  J.  G.  Barclay,  Esq.,  at  whose  observatory  they  were  made. 

Mr.  E.  J.  Stone  presented  a  paper,  '^  On  the  Motion  of  the  Solar 
System  in  Spa/^e^^  forming  a  supplement  to  one  on  the  same  subject 
read  by  the  Astronomer  Boyal,  at  the  meeting,  March  11,  1859. 

'^  On  the  Eclipses  recorded  in  the  Ancient  Chinese  Historical  Work 
called  Chun  Tsew**  is  the  title  of  a  paper  by  the  Assistant  Secretary, 
J.  Williams,  Esq.  "  The  Chun  Tsew,"  writes  Mr.  Williams,  «  is  said 
to  be  the  only  work  really  written  by  Eung  Foo  Tze,  or,  as  we  call 
him,  Confucius ;  the  other  treatises  attributed  to  him  having  been  com- 
piled by  his  disciples,  either  during  his  lifetime,  or,  as  in  the  last  of 
them,  some  years  after  his  death.  It  treats  of  the  history  of  Le  Ewo, 
or  Confederated  Nations,  into  which  China  was  divided  during  the 
during  the  Chow  Dynasty,  viz.  between  1122  and  255  b.  o." 

«  The  period  of  this  history  is  from  722  to  479  b.  o.,  being  an 
interval  of  about  242  years,  during  the  latter  part  of  which  Confucius 
flourished."  ..."  The  account  of  each  eclipse  is  but  little  more  than 
a  brief  mention  of  its  occurrence  at  a  certain  time." 
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Mr.  Williams  presents  us  with  a  specimen  as  follows : — '*  In  the 
fifty-eighth  year  of  the  thirty-second  cycle,  in  the  fifty-first  year  of  the 
Emperor  Emg  Wang,  of  the  Chow  Dynasty,  the  third  year  of  Tin 
Kong,  Prince  of  Lo  j,  in  the  spring,  the  second  moon,  on  the  day  called 
then  Tsze,  there  was  an  eclipse  of  the  snn."  This  date  answers  to 
720  B.  c. 

A  complete  list  of  all  snch  eclipses,  with  the  year  b.  o.,  and  month 
and  day  answering  to  the  Chinese  dates,  is  added.  The  days  have 
been  computed  by  Ideler's  method,  but  Mr.  Williams  warns  his  read- 
ers that  they  must  only  be  considered  as  approximate. 

Mr.  E.  J.  Stone  presented  a  Memoir,  entitled  "  Proper  Motions  of 
ihe  Stars  of  the  Qreenwich  Seven-year  Catalogue  o/ 2,022  Stars  for  1860, 
not  included  in  the  Qreenwich  Twelve  and  Six-year  Catalogu^s^  deduced 
by  Comparison  with  the  Besults  of  Bradley  s  Observations,  cu  given  in 
BesseTs  Fimdamenta  Astronamice,'*  This  Memoir  forms  a  continua- 
tion to  those  by  Mr.  Main.* 

J.  B.  Hind,  Esq.,  communicated  a  note,  "  On  the  Variable  Nelnda 
in  Taurus ; "  in  which  he  records  that,  on  the  12th  of  December,  no 
trace  of  ^e  Nebula  could  be  seen  either  by  himself  or  Assistant, 
although  the  atmosphere  was  in  a  most  favourable  condition  for  Astro- 
nomical obseryation. 

M.  G.  de  Pont^ulant  communicated  a  paper  '^  Sur  le  Coefficient 
de  TEquation  ParaUactique  deduit  de  la  Th^oriey*  suggested  by  some 
notes  by  Mr.  Stone  and  M.  Hansen  in  a  former  Tolume  of  the  "  Notices.'' 
The  paper  did  not  present  any  point  of  general  practical  interest. 

At  the  November  meeting,  M.  L^on  Foucault,  M.  Enowalski, 
M.  Winnecke,  and  Prof.  G.  P.  Bond,  were  duly  elected  Associates  of 
the  Society.  With  one  or  two  unimportant  omissions,  we  think  we 
have  here  communicated  to  our  readers  the  pith  of  the  proceedings  of 
the  Boyal  Astronomical  Society. 


THE  CHEMICAL  SOCIETY. 


Up  to  the  present  time,  the  proceedings  of  the  Chemical  Society, 
during  this  quarter,  have  been  destitute  of  any  especial  interest.  The 
law  of  the  absorption  of  mixed  gases  in  water  has  become  an  im- 
portant subject  of  inquiry  since  Bunsen  has  proposed  absorption  as 
a  method  of  analysis.  A  promising  chemist,  Mr.  W.  M.  Watts^  has 
experimented  with  mixtures  of  ammonia  and  hydrogen,  and  of  sul-- 
phurous  and  carboiiic  acid,  principally  with  the  view  of  testing  the 
truth  of  Dalton's  conclusion,  that  each  gas  is  retained  in  water  by  the 
pressure  of  gas  of  its  own  kind ;  no  other  gas  with  which  it  may  be 
mixed  having  any  permanent  influence  in  this  respect.  The  results 
of  Mr.  Watts'  experiments  have  led  him  to  the  conclusion  that  the 
proportion  of  mixed  gases  absorbed  is  not  in  accordance  with  Dalton's 
simple  law. 

*  See  Yols.  ziz.  and  xxviii.  of  the  Traimctioiui  of  the  Societj. 
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A  contribution  to  pliysiological  chemistiy,  on  the  vexed  question  of 
the  colouring  matter  of  urine,  was  communicated  by  Dr.  Thudichum, 
who  believes  that  he  has  isolated  both  the  pigmentary  and  odorous 
pmciples  of  this  secretion.  The  former  body  he  designates  urocArome, 
the  latter,  otto  of  urine.  In  the  absence  of  any  analysis  of  these  bodies, 
and  without  an  exact  knowledge  of  the  manner  in  which  they  are  to  be 
obtained,  the  question,  "  What  is  the  colouring  matter  of  the  renal 
secretion  ?  "  may  be  still  considered  open,  unless,  with  Dr.  Harley,  we 
believe  it  to  have  been  settled  by  Scherer.  This  distinguished  chemist 
and  physiologist  succeeded  in  isolating  a  red  matter,  to  which  he  gave 
the  name  of  wohcBmaHn,  since  it  presented  a  close  analogy  to  the 
colouring  matter  of  the  blood,  by  containing  an  appreciable  amount  of 
iron.  Scherer  considered  the  body  to  result  from  this  disorganization 
of  the  blood  corpuscles,  the  waste  of  which  was  eliminated  from  the 
system  in  this  form.  This  is  an  ingenious  theory,  and  the  question 
deserves  farther  examination.  Dr.  Thudichum  finds  the  merest  trace 
of  iron  in  his  urochrome ;  but  we  must  wait  for  a  more  complete 
account  of  the  author's  researches. 

The  formation  of  new  bodies,  by  the  abstraction  from  other  bodies 
of  certain  elements  or  molecules  of  elements,  and  substituting  for  these 
certain  other  elements  or  groups  of  elements,  the  resulting  compounds 
having  well-defined  and  characteristic  individualities;  and  further 
than  ^s,  the  production  of  natural  from  artificial  substances  (like  the 
formation  of  tartaric  acid  from  dibromosuccinic,  by  Mr.  Perkin),  by 
successive  substitutions,  may  rank  among  the  greatest  triumphs  of 
human  ingenuity.  Perhaps  the  most  prolific  parent  of  artificial  bases 
has  been  Dr.  Hofroann,  whose  skill  in  effecting  the  transformations  is 
only  equalled  by  the  lucidity  with  which  he  explains  them. 

Apropos  to  a  paper  on  Acetanilide,  by  Mr.  C.  G.  Williams,  the 
Chemical  Society  recently  heard  from  Dr.  Hofriann  a  short  account 
of  a  series  of  new  creations,  obtained  by  the  action  of  chloroform  on 
aniline,  and  of  pentachloride  of  phosphorus  on  a  mixture  of  aniline  and 
acetanilide — the  first  of  an  infinite  series  of  bodies  which  may  be  pro- 
duced by  similar  reactions  on  similarly-constituted  substances.  The 
names  of  these  new  bodies,  diphenyl-formyl-diamine,  and  diphenyl- 
acyl-diamine,  show  them  to  be  of  interest  only  to  advanced  chemists. 
New  instances  of  conversion  were  brought  forward  at  the  same  meet- 
ing, malic  acid  having  been  converted  into  malonic,  and  propionic 
acid  into  succinic,  by  Eolbe  and  by  Muller. 

The  question,  '^  What  is  the  best  form  in  which  nitrogen  and  phos- 
phorus can  be  applied  as  manure  to  plants  ?  *'  has  engaged  the  attention 
of  many  minds;  but  perhaps  the  most  original  experiments  made  on 
the  subject,  have  been  those  of  M.  Yille,  recently  described  to  the 
Chemical  Society  by  Dr.  Hofriann.  M.  Yille  has,  however,  come  to 
the  conclusion  that  none  of  the  compounds  of  phosphorus  and  nitrogen 
answer  better  than  those  in  common  use — phosphoric  acid  and  ammonia. 
It  will  be  of  interest  to  farmers  who  study  chemistry,  to  learn  that 
ethylamine  and  methylamine  seemed  to  produce  no  better  results  than 
their  prototype  ammonia. 
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At  the  meeting  on  March  3rd,  a  very  interesting  paper  on  the  non- 
metallic  impurities  in  Befined  Copper,  by  Mr.  Abel,  was  read.  The 
metallic  impurities  in  copper  had  been  fully  treated  of  in  previous 
contributions  by  the  same  author.  The  impurities  mention^  in  the 
present  paper  are  Oxygen,  Sulphur,  and  Selenium.  Oxygen  exists  in 
copper  in  the  form  of  a  suboxide  of  the  metal,  which  is  soluble  in  the 
fused  copper.  The  exact  quantitative  determination  of  the  oxygen 
was  a  matter  of  extreme  difficulty,  but  the  process  now  given  by  Mr. 
Abel  makes  it  a  comparatively  simple  matter.  Pure  copper  decom- 
poses nitrate  of  silver,  the  latter  metal  being  deposited,  and  a  corre- 
sponding amount  of  nitrate  of  copper  being  formed.  When,  however, 
suboxide  of  copper  is  present  a  subsidiary  action  takes  place,  and  inso- 
luble basic  nitrate  of  copper  is  formed.  The  author,  therefore,  con- 
verts a  known  weight  of  the  copper  into  nitrate  by  digesting  with  a 
neutral  solution  of  nitrate  of  silver,  collects  and  wadies  the  silver  and 
basic  nitrate  of  copper  on  a  filter,  and  subsequently  digests  with  a 
known  volume  of  weak  standard  sulphuric  acid  (one  part  to  a  hundred 
of  water)  to  dissolve  the  basic  nitrate  of  copper  formed.  The  propor- 
tion of  sulphuric  acid  neutralized  in  this  operation  is  ascertained  by 
means  of  a  standard  solution  of  carbonate  of  soda,  and  the  amount  of 
oxygen  or  suboxide  of  copper  is  calculated  therefrom.  In  the  course 
of  these  experiments  it  was  noticed  that  the  physical  structure  of  the 
metal  afforded  some  indication  of  the  amount  of  oxygen.  Ingots  which 
exhibited  depressions  on  the  upper  surface  were  invariably  found  to 
contain  more  oxygen  than  those  which  were  flat.  The  amount  of 
oxygen  present  in  Eapunda  copper,  we  may  add,  was  found  to  vary 
from  -12  to  '33  per  cent.  In  Swansea  copper  in  different  stages  of 
manufacture,  Mr.  Abel  found  the  amount  of  oxygen  to  vary  from  0*42 
percent,  in  "Dry"  Copper,  to  0*03  per  cent,  in  "Over  poled."  While 
looking  for  carbon  the  author  found  -selenium  in  copper,  but  in  an 
excessively  minute  quantity,  0*003  per  cent.  It  is  worth  mentioning 
that  Mr.  Abel  could  find  no  evidence  of  a  combination  of  copper  and 
carbon.  Sulphur  was  found  in  very  small  quantity,  but  neither  phos- 
phorus nor  nitrogen  could  be  detected.  Silicon  might  be  present  in  a 
portion  of  inclosed  slag,  but  not  in  combination  with  the  metaL 

At  the  same  meeting  a  communication  on  the  Synthesis  of  Leucio 
acid,  was  made  by  Dr.  FranMand.  Leucic  acid  has  been  obtained 
by  the  author  synthetically,  by  the  substitution  of  one  atom  of  o^gen 
in  oxalic  acid,  by  two  atoms  of  ethyl.  This  was  effected  by  acting 
on  oxalic  ether  with  zinc  ethyl. 
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THE  GEOLOGICAL   SOCIETY. 

Singe  the  Anniyersary  of  last  year  some  yery  important  and  interesting 
papers  haye  been  contributed  to  the  Prooeedings  of  this  Society,  most 
of  them  suggesting  new  interpretations  of  known  fSEtcts,  but  some  also 
referring  to  phenomena  hitherto  unknown  or,  at  any  rate,  neyer  before 
explained.  The  field  oyer  which  the  researches  embodied  in  these 
yarious  memoirs  extends  is  a  wide  one,  including  as  it  does  the  follow- 
ing subjects : — (1)  Breaks  in  the  Succession  of  the  British  Palaeozoic 
Strata;  (2)  Fossil  EstheriaB;  (3)  Belation of  the  Permian  Fauna  and 
Flora  to  those  of  the  Carboniferous  Period ;  (4)  Origin  of  the  Parallel 
Beads  of  Glen  Roy ;  (6)  Riyer-action ;  (6)  Geology  of  the  West  Indian 
Islands ;  (7)  The  Abbeyille  Jaw  and  the  associated  Flint  Implements ; 
(8)  Geology  of  the  Eastern  Archipelago,  besides  a  number  of  other 
questions,  of  either  more  special  or  merely  local  interest. 

1.  The  subject  of  the  Anniyersary  Address  of  the  President  of  the 
Society,  Professor  Ramsay,  reminds  eyeiy  geologist  how  imperfect  is 
our  knowledge  of  the  rock-formations  which  constitute  the  crust  of  the 
earth,  the  theme  being  "Breaks  in  the  Succession  of  Iske  British 
Palsdozoic  Strata."  It  is,  moreoyer,  one  upon  which  no  author  has 
before  written  systematically,  although  many  haye  described  particular 
breaks  incidentidly  when  treating  of  other  subjects. 

"  Breaks  in  Succession  *'  are  defined  by  Professor  Ramsay  to  be 
*^  those  physical  interruptions  in  stratification  marked  by  the  uncon- 
formity of  an  upper  formation  to  one  immediately  underlying  it,  or, 
when  such  yisible  unconformity  is  wanting,  by  a  sudden  change  in  the 
fossils  characteristic  of  the  underlying  and  oyerlying  formations ; "  but 
he  immediately  afterwards  introduces  a  necessary  limitation,  stating 
that  he  only  applies  his  argument  "  to  those  cases  in  which  the  upper 
formation  is  next  in  time  to  that  which  underlies  it,  according  to  our 
present  knowledge  of  the  order  of  succession."  Now  these  breaks  are 
as  good  eyidences  of  the  lapse  of  time  as  a  series  of  strata  would  be. 

Before  the  publication  of  this  address  few  geologists  would  haye 
admitted  the  existence  of  as  many  as  ten  physicid  breaks,  as  aboye  de- 
fined, in  the  primary  rocks  of  Britain,  yet  Professor  Ramsay,  in  a  series 
of  yery  lucid  arguments,  shows  the  existence  of  at  least  that  number  of 
gaps  in  our  paleozoic  series,  and  also  that  they  are  accompanied  (ex- 
cept in  one  case,  where  the  rocks  are  ahnost  barren)  by  "  great  and 
remarkable  changes  in  the  number  and  nature  of  the  fossils."  He  also 
discusses  the  questions  arising  out  of  a  consideration  of  this  coinci- 
dence, especially  the  old  notion  that  entire  faunas  had  been  suddenly 
destroyed,  and  the  theory  of  Professor  E.  Forbes  (lately  reyiyed  in 
another  shape  by  Professor  Huxley)  respecting  the  contemporaneity  of 
strata ;  together  with  Mr.  Darwin's  hypothesis  of  the  origin  of  species, 
of  which  he  appears  to  be  a  warm  adyocate. 

The  conclusion  to  which  he  arriyes  respecting  the  lapse  of  time 
represented  by  these  breaks  is  rather  startling ;  and  although  no  geolo- 
gist is  better  qualified  than  Professor  Ramsay  to  judge  of  the  yalue 
of  such  gaps,  yet  one  cannot  help  thinking  that  he  has  somewhat 
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exaggerated  their  importauoe.    However,  we  give  this  conclusion  in 
his  own  words : — 

'*  Believing  that  the  causes  that  produced  physical  changes  were 
much  the  same  in  former  times  as  now,  both  in  kind  and  intensity, 
(speaking  generally,  when  spread  over  long  epochs),  then  the  upheaving^ 
contorting  and  dislocation  of  the  strata,  and  the  vast  denudations  they  un- 
derwent he/ore  resvbmergence,  generally  represent  a  period  of  time  longer 
than  that  occupied  respectively  by  the  deposUion  of  the  formation  distu/rhed, 
or  of  thai  which  overlies  it  unconformably. 

''In  the  present  state  of  our  knowledge  these  things  cannot  be 
proved,  but  we  may  strongly  suspect  them  to  be  probably  true,  and  if 
they  are  so,  then  it  follows  that  the  periods  of  time  stratigraphicaUy  un- 
represented  during  the  Palceozoic  ^>och  were  much  longer  than  those  of 
which  the  various  formations  of  that  epoch  hear  toitness" 

2.  A  paper  by  Professor  Bupert  Jones  on  '*  Fossil  Estherice  and  their 
Distribution  "  may  be  viewed  as  an  abstract  of,  though  differing  some- 
what in  scope  from,  his  "  Monograph  of  the  fossil  EstherisB"  published 
by  the  PaleBontographical  Society.  It  is  a  very  favourable  specimen  of 
philosophical  palsBontology,  and  shows  that  tibe  diligent  study  of  an 
apparently  smsJl  subject  may  lead  to  large  results. 

Besides  the  endeavour  to  fix  definitely  the  ages  of  the  several  de- 
posits in  which  Estherice  occur,  by  means  of  the  little  fossils  themselves, 
assisted  by  concurrent  testimony  drawn  from  other  sources,  the  chief 
object  of  the  paper  is  to  prove  that  the  fossil  Estherice,  like  their  recent 
congeners,  inhabited  fresh  and  brackish  water.  The  successM  manner 
in  which  the  author  manages  to  dispose  of  apparently  associated  marine 
shells  is  not  a  little  instructive,  as  it  shows  the  necessity  of  scrupulously 
exact  observations  respecting  the  particular  bed  in  which  a  fossil  is 
found,  most  of  these  marine  shells  being,  shown  to  occur  either  a  little 
above  or  a  little  below  the  Estherios;  and  the  same  with  regard  to 
crystals  of  salt.  Even  in  the  case  of  a  Lingvla  occurring  in  the  some 
bed  as  an  Estheria^  Professor  Jones  is  at  no  loss,  for  he  finds  that  the 
Lingvla  "  in  successive  beds  appears  smaller  and  smaller  in  size,  until 
it  is  dwarfed  and  disappearing,  when  Estheria  minuta  comes  in ;  as  if 
more  and  more  fresh  water  invaded  the  area,  unfavourably  to  the 
LinguUe  and  ultimately  bringing  in  the  Estherice.** 

3.  The  relation  of  the  Permian  fauna  and  flora  to  those  of  the  Car- 
boniferous period  has  of  late  years  been  fruitftd  of  discussion,  most 
geologists  being  now  inclined  to  regard  the  Permian  as  the  concluding 
portion  of  the  Carboniferous  epoch. 

In  a  paper  on  the  Lower  Carboniferous  Brachiopoda  of  Nova  Scotia, 
Mr.  Davidson  gives  an  excellent  account  of  the  present  state  of  this 
question,  and  adds  many  new  fiicts  in  favour  of  the  view  that  the  Per- 
mian is  not  really  a  group  distinct  from  the  Carboniferous. 

Sir  B.  I.  Murchison  also  enters  somewhat  folly  into  this  question 
in  a  paper  on  the  Permian  rocks  of  Bohemia ;  but,  were  it  not  for  the 
proverbial  affection  which  every  father  bears  towards  his  own  children, 
it  would  be  difiicult  to  understand  why  this  veteran  geologist  should 
so  strenuously  oppose  a  view  which,  besides  being  supported  by  nearly 
all  the  geologists  and  paLeontologists  who  have  specially  studied  the 
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subject,  appears  scarcely  assailable  by  arguments  drawn  from  strati- 
graphical  details,  but  must  be  decided  by  means  of  the  fossils. 

4.  The  next  paper  especiaUy  woi-thy  of  notice,  is  that  by  Mr. 
Jamieson,  on  the  ^*  Origin  of  the  Parallel  Roads  of  Glen  Boy,"  a  ques- 
tion which,  as  everybody  knows,  has  hitherto  baffled,  more  or  less, 
every  attempt  at  its  solution. 

The  view  advocated  by  Mr.  Jamieson  was  suggestively  propounded 
by  Agassiz  many  years  ago,  but  has  been  until  now  almost  ignored. 
According  to  this  theory,  the  ^^  parallel  roads,"  or  terraces,  are  the 
beaches  of  glacier-lakes ;  and  Mr.  Jamieson  finds  that  it  is  the  only 
one  which  will  account  for  'all  the  facts,  and  which  is  not  inconsistent 
with  collateral  phenomena.  He  also  brings  forward  some  new  iacts  in 
corroboration  of  Agassiz's  theory,  especiiJly  the  coincidence  between 
the  heights  of  the  Hnes  and  those  of  certain  "  cols  "  (the  latter  being, 
strictly  speaking,  a  few  feet  the  lower),  and  the  evidences  of  glaciers 
having  formerly  blocked  up  the  mouth  of  Glen  Boy. 

Now,  the  existence  of  a  glacier-lake  depends,  firstly,  upon  that  of  a 
glacier  damming  up  the  mouth  of  the  valley ;  and,  secondly,  upon 
there  being  no  other  outlet  for  the  water. 

The  following  may,  therefore,  be  considered  the  sequence  of  events 
described  by  Mr.  Jamieson : — 

Glaciers  from  the  Great  Glen,  Corry  N'Eoin,  Glen  Treig,  &c., 
blocked  up  the  mouths  of  Glen  Boy  and  Glen  Spean,  the  last-mentioned 
glacier  projecting  into  Glen  Boy,  and  thus  cutting  off  the  connection  of 
that  valley  with  the  *'  cols"  just  noticed ;  accordingly  a  glacier-lake  was 
formed  in  Glen  Boy,  and  the  beach  forming  the  uppermost  line  was 
deposited ;  the  Glen  Treig  glacier  then  shrank  so  as  to  open  out  the 
higher  col— that  of  Glen  Glaster— thus  causing  the  lowering  of  the 
level  of  the  water  in  Glen  Boy ;  and  then  the  middle  terrace,  or  road, 
was  deposited;  the  Glen  Treig  glacier  then  shrank  again,  until  it 
withdrew  out  of  Glen  Spean,  and  that  valley  being  now  clear,  the  water 
escaped  at  Makoul ;  then,  at  about  the  level  of  ^t  outlet,  the  lowest 
terrace  was  deposited. 

In  a  similar  manner  Mr.  Jamieson  accounts  for  the  "  roads "  in 
certain  smaller  glens ;  and  he  also  shows  why  some  of  them  stop  or 
are  indistinct  at  certain  points  ;  and,  altogether,  his  explanations  are 
so  simple  and  so  natural  that  the  inducement  is  very  great  to  believe 
that  this  much-debated  question,  is  at  last  settled. 

5.  Biver-action  is  illustrated  in  a  most  interesting  paper,  by  Mr. 
Fergusson,  on  ^  Becent  Changes  in  the  Delta  of  the  Ganges,"  and  also 
in  another  on  the  Nile,  by  Dr.  Leith  Adams.  Mr.  Fergusson  begins 
by  enunciating  certain  principles  of  river-action,  the  first  of  which  is, 
"  all  rivers  oscillate  in  curves,  whose  extent  is  directly  proportionate  to 
the  quantity  of  water  flowing  through  the  rivers ;"  but  a  certain  loose- 
ness in  the  author's  mode  of  expression  renders  it  necessary  to  be  care- 
ful not  to  give  a  too  literal  interpretation  to  some  of  his  sentences ; 
for  instance,  in  this  particular  case,  he  evidently  means  to  say  that 
this  principle  is  true  when  all  other  conditions  are  equal,  for  Portly 
afterwards  he  observes,  that  the  extent  or  radius  of  the  curves  (cceteris 
paribus,  understood,  as  before)  is  ^  directly  proportioned  to  the  slope  of 
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the  bed  of  the  riyer.'*  Afl^r  illustratmg  these  propositions,  he  next 
discusses  the  tendency  of  rivers  flowing  in  aUnvial  soils  to  raise  their 
banks,  and  thus  to  confine  themselyes  in  their  beds  ;  and  he  explains 
the  process  by  means  of  which  this  resnlt  is  brought  about  somewhat 
differently  from  Sir  Charles  Lyell  and  other  writers,  as  he  calls  in  the 
aid  of  *'  backwaters,"  or  lai^e  bodies  of  still  water  in  the  low  lands 
beyond  the  banks  of  the  river,  the  effect  of  their  existence  being  that 
the  overflowing  water  of  the  river  is  forced  to  deposit  its  silt  as  soon 
as  it  meets  them,  which  is,  in  the  wet  season,  soon  after  it  leaves  the 
river.  In  the  particular  case  of  the  Ganges,  Mr.  Fergusson  is  doubt- 
less right ;  but  it  is  extremely  hazardous  to  generalize  ^m  a  solitazy 
instance.  The  secular  elevation  of  deltas,  and  many  other  interesting 
subjects,  are  then  treated ;  and  the  author  also  describes  in  detail  the 
principal  changes  that  have  taken  place,  during  the  historic  period,-  in 
the  delta  of  the  Ganges ;  that  is  to  say,  the  changes  in  the  courses, 
directions,  outlets,  &c.,  of  the  various  rivers,  the  alteration  in  the  slope 
of  their  beds,  and  many  other  phenomena,  all  showing  the  magnitude 
of  the  results  brought  about  by  river-action,  and  the  rapidity  of  the 
changes,  as  well  as  the  mutual  dependence  of  the  different  rivers  of 
the  same  valley.  Indeed,  we  may  consider  that  in  the  Valley  of  the 
Ganges  there  is  being  played  a  natural  game  of  chess  on  a  gigantic 
scale ;  the  valley  itself  is  the  chessboard,  the  rivers  are  the  pieces, 
while  the  producers  of  the  changes — water  and  mud — ^are  the  players. 
The  effect  of  a  move  of  any  particular  river  in  any  direction  in  altering 
the  relations  of  the  rest,  and  the  many  other  ways  in  which  the  con- 
nection of  the  various  rivers  is  shown,  together  with  the  laws  which 
regulate  these  changes,  and  river-action  generally,  are  very  curious, 
and  deserve  more  attention  from  the  geologist  than  they  have  hitherto 
received. 

The  chief  object  of  Dr.  Leith  Adams's  paper  is  to  prove  that  the 
Nile  has  at  a  comparatively  recent  period  flowed  at  a  much  higher 
level  than  it  now  does,  at  any  rate  north  of  the  second  cataract.  The 
evidence  upon  which  this  conclusion  rests  consii^  chiefly  of  the  occur- 
rence of  fluviatile  shells  at  high  levels.  These  shells  were  found  in 
beds  of  aUuvium  forming  terraces  on  the  banks  of  the  river,  and  they 
belong,  according  to  Mr.  S.  P.  Woodward,  to  six  species,  namely — 
Unio  liihophaguSy  Cyrena  flwninalia,  jSEtheria  semiUmaia  (Nile  oysters), 
Iridina  NHoticOj  Paludina  bulimoides,  and  Btdimua  puUus,  The  first 
species  is  doubtful,  the  next  four  all  live  in  the  Nile  at  the  present 
day,  and  the  last  probably  occurs  in  the  neighbourhood.  They  were 
found  at  all  heights,  up  to  o^  least  120  feet  above  the  highest  Nile  of 
the  present  time. 

Dr.  Adams  gives  a  sketch  of  the  physical  structure  of  the  Nile 
Valley,  and  notices  the  collateral  evidence  in  support  of  his  conclusions 
to  be  derived  from  the  position  of  ancient  temples,  tombs,  and  other 
monuments,  striving  to  prove  not  only  that  the  Nile  above  the  second 
cataract  formerly  flowed  at  a  much  higher  level  than  it  now  does,  but 
also  that  the  primsBval  river  was  much  larger  and  more  rapid  than  the 
Nile  of  the  present  day. 

This  paper  is  certainly  an  important  contribution  to  the  history  of 
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the  Nile ;  but  it  fihonld  not  be  forgotten,  althongb  it  appears  to  have 
been  abnost  lost  sight  of,  that  Bnssegger  discovered  flnviatile  shells  at 
high  levels  in  the  Nile  Valley  more  Ihan  five-and-twenty  years  ago. 

6.  Much  light  has  been  thrown  npon  the  geology  of  the  West  Indian 
Islands  in  two  papers  (or,  rather,  two  parts  of  one  paper)  by  Dr. 
Duncan  *^  On  the  Fossil  Corals  of  the  West  Indian  Islands,"  and  one 
by  Mr.  J.  Carrick  Moore  '*  On  some  Tertiaiy  Shells  from  Jamaica.*' 

Many  years  ago  Mr.  Carrick  Moore  suggested  that  the  separation 
of  the  Caribbean  Sea  from  the  Pacific  Ocean  was  not  so  complete  in 
early  Tertiary  times  as  it  now  is,  and  the  chief  result  of  the  papers 
just  mentioned  is  that  they  prove,  almost  to  demonstration,  that  this 
separation  was  not  complete  until  long  after  the  commencement  of  the 
Tertiary  period. 

It  may  be  useful  to  give  a  synopsis  of  this  argument,  as  it  is  an 
extremely  good  specimen  of  the  manner  in  which  tiie  pakeontologist 
infers  the  character  and  the  date  of  changes  that  have  occurred  on  the 
surface  of  the  earth  in  geological  periods.  In  most  of  the  West  Indian 
Islands  certain  strata  occur  containing  shells  and  corals  which,  at  first 
sight,  appear  (especially  the  shells)  to  resemble  those  now  living  in  the 
Caribbecm  Sea ;  but,  when  closely  examined  and  compared,  they  are 
found  to  be  nearly  all  distinct.  Furthermore,  a  careful  comparison  of 
them  with  recent  fossil  specie^  from  different  localities  shows  that, 
while  many  of  them  resemble  or  are  identical  with  species  found  in  the 
Miocene  beds  of  Europe,  others  bear  the  same  relation  to  forms  now 
living  in  the  Pacific  Ocean,  a  very  small  proportion  (espedaUy  of 
corals)  being  allied  to,  or  identical  with,  Caribbean  species.  It  there- 
fore loUows,  granting  the  usual  postulates  of  paheontology,  that  the 
deposits  are  approximately  of  the  age  of  the  Miocene  beds  of  Europe, 
and  that,  at  or  about  the  time  when  the  animals  lived,  the  remains  of 
which  occur  fossil  in  these  strata,  there  was  free  commimication  between 
the  Pacific  Ocean  and  the  Caribbean  Sea. 

Dr.  Duncan  also  discusses  many  other  interesting  points,  such  as  it 
can  easily  be  understood  the  determination  of  no  fewer  than  76  species 
of  fossil  corals  from  such  a  region  would  suggest  to  the  mind  of  a 
palsdontologist ;  but  it  is  here  quite  impossible  to  do  more  than  draw 
attention  to  his  valuable  papers. 

7.  The  Abbeville  jaw  and  the  associated  fiint  implements  have 
attracted  so  much  attention,  and  the  circumstances  attending  their  dis- 
covery have  already  been  so  often  explained,  that  a  knowledge  of  them 
zsiay  be  fairly  assumed  in  discussing  Mr.  Presfcwich^s  paper  "  On  the 
Section  at  Moulin  Quignon,  Abbeville,  and  on  the  peculiar  character 
of  some  of  the  flint  implements  recently  discov^ed  there."  It  is 
absolutely  refreshing  to  read  a  paper  in  which  the  identical  pit  in 
which  the  jaw  was  found  is  described,  but  which  contains  merely  a  few 
passing  allusions  to  that  redoubted  relic  of,  possibly,  man's  antiquity, 
but,  much  more  probably,  of  his  cupidity  and  deceitfrdness. 

The  question  of  the  authenticity  of  the  jaw  and  of  certain  asso- 
ciated flint  implements  is  as  complicated  as  that  of  Schleswig-Holstein 
itself,  and  is  still  less  likely  ever  to  be  satisfactorily  settled.  Even  the 
author  of  this  paper,  one  of  our  most  competent  observers,  after  devoting 
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seyeral  pages  to  the  endeavour  to  prove  the  authenticity  of  the  flint 
implements,  appends  a  postscript  to  his  communication  for  the  purpose 
of  stating  that  he  is  now  convinced  of  their  fraudulent  nature, — an 
opinion,  bj-the-bye,  which  he  originally  held.  So  also  Dr.  Falconer 
and  others  have  first  been  advocates  of  one  view,  then  of  the  other, 
and  sometimes  have  gone  back  again  to  their  original  opinion. 

Setting  aside  the  jaw  and  ti^e  flint  implements,  Mr.  Prestwich's 
paper  has  an  independent  value,  on  account  of  the  lucid  discussion  it 
contains  respecting  the  manner  in  which  the  gravels  of  the  Valley  of 
the  Somme  were  deposited.  The  author  gives  theoretical  sections  of 
the  valley  at  the  time  of  the  formation,  and  at  that  of  the  emergence, 
of  the  high-level  valley-gravels,  as  well  as  at  the  time  of  the  formation 
of  the  lower-level  valley- gravels,  and  an  actual  section  of  the  valley  at 
the  present  time ;  he  thus  shows  that  the  high-level  gravels  are  the 
older ;  that  the  valley  has  been  chiefly  formed  by  the  river  itself,  from 
which  also  and  from  floating  ice  the  gravels  and  loess  were  deposited  ; 
and  that,  whatever  difference  of  opinion  may  exist  respecting  certain 
flint  implements,  others,  the  genuineness  of  which  cannot  be  questioned, 
have  been  found  in  aitu  from  time  to  time  during  the  last  fifteen  years, 
in  some  of  Ihe  oldest  of  the  high-level  gravels  of  the  ancient  Valley  of 
the  Somme. 

8.  The  geology  of  the  Eastern  Archipelago  is  illustrated  by  three 
papers,  two  of  which,  namely,  "  On  the  Geology  and  Mineralogy  of 
Borneo  and  the  adjacent  Islands,"  by  M.  de  Groot,  and  "  Notes  to 
accompany  some  Fossils  from  Japan,"  by  Captain  Bullock,  are  merely 
explanatory  notes  sent  with  specimens,  while  the  third — ^*  On  some 
Tertiary  Mollusca  from  Mount  S^la,  in  the  Island  of  Japan,"  by|Mr. 
H.  M.  Jenkins, — is  a  description  of  some  of  the  specimens  referred  to 
in  the  first-named  communication. 

As  Mr.  Jenkins  observes,  Java  has  hitherto  been  a  terra  incognita 
to  the  geologist,  and  it  is  therefore  interesting  to  have,  at  last,  a  definite 
age  assigned  to  some  of  the  Tertiary  beds  of  that  island,  with  the  data 
before  us  upon  which  the  oonelusion  rests.  The  author  considers  the 
fossils  he  describes  to  be  of  late  Miocene  date,  though  they  have  until 
now  been  considered  Eocene,  but  not  upon  any  very  tangible  groimds ; 
he  also  discusses  several  questions  arising  out  of  a  consideration  of 
these  Javan  specimens,  endeavouring  to  show  that  some  portion  of  the 
so-called  Nummulitic  formation  of  India  is  also  Miocene,  in  this  view 
being  supported  by  Dr.  Duncan  in  a  note  on  the  Scindian  fossil  corals. 
He  also  advances  the  hypothesis,  not  without  a  certain  amount  of 
evidence  in  favour  of  it,  that  the  Miocene  fauna  of  the  middle  and 
south  of  Europe  emigrated  eastwards  into  the  Indian  Ocean.  Basing 
his  argument  upon  this  view  he  strives  to  show  that,  with  a  representa- 
tive fauna  (on  the  principle  enunciated  by  Professor  E.  Forbes),  a 
series  of  Tertiary  beds  in  the  east  would  be  newer  than  their  apparant 
equivalents  in  Europe — a  conclusion  which  is  very  important  if  it  be 
true,  but  which  at  present  requires  confirmation ;  the  same  may  also 
be  said  of  the  assertion  that  a  tropical  representative  of  the  Pliocene 
formation  of  Europe  could  not  be  distingmshed  from  a  late  Miocene 
formation. 
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Among  the  many  meritorious  papers  of  less  general  interest  may 
be  mentioned  the  following: — "On  the  Middle  and  Upper  Lias  of 
the  Dorsetshire  Coast,"  by  Mr.  E.  C.  H.  Day ;  "  On  some  Ichthyolites 
from  New  South  Wales,"  by  Sir  P.  G.  Egerton ;  "  On  a  HysBna-den 
at  Wookey  Hole,"  by  Mr.  W.  Boyd  Dawkins ;  "  On  the  Original  Na- 
ture and  Subsequent  Alteration  of  Mica-schist,"  by  Mr.  H.  0.  Sorby ; 
"  On  a  new  Species  of  Dendrerpeton  and  on  the  Dermal  CoTerings  of 
certain  Carboniferous  Beptiles,"  by  Dr.  J.  W.  Dawson;  "On  the 
Upper  Old  Ited  Sandstone  and  Upper  Deronian  Bocks,"  by  Mr.  J.  W. 
Salter  ;  "  On  the  Older  Bocks  of  Bavaria  and  Bohemia,"  by  Sir  B.  L 
Murchison ;  "  On  the  Skiddaw  State  Series,"  by  Professor  B.  Hark- 
ness ;  with  many  others. 

Judging  from  the  number  of  new  Fellows  elected  during  the  past 
year,  the  society  must  be  in  a  very  flourishing  condition.  We  notice 
the  following  well-known  names  among  those  of  the  newly  ^elected 
Fellows  : — II  Commendatore  Devincenzi,  Minister  of  Agriculture  and 
Commerce  of  the  Kingdom  of  Italy ;  Nicholas  EendaU,  Esq.,  M.P., 
Member  of  the  Boyed  Commission  of  Mines ;  the  Bev.  Charles 
Kingsley,  M.A.,  Professor  of  Modem  History  in  the  University  of 
Cambridge ;  James  Fergusson,  Esq.,  F.B.S.,  author  of  the*History  of 
Modem  Architecture,  &c. ;  J.  F.  Iselin,  Esq.,  M.A.,  Inspector  of 
Science-Schools  ;  E.  J.  Bouth,  Esq.,  M.A.,  Fellow  of  St.  John's  Col- 
lege, Cambridge. 

A  Class  of  foreign  correspondents — to  include  not  more  than  forty 
foreign  geologists — has  lately  been  instituted,  and  the  lists  of  those 
already  elected  include  the  names  of  very  many  foreigners  of  note. 


THE  MICBOSCOPIOAL  SOCIETY. 

Db.  Lionel  Bealb  has,  during  the  past  quarter,  read  before  the 
members  of  this  Society  a  paper  of  such  great  interest  to  physiolo- 
gists, that  we  feel  justified  in  devoting  the  chief  portion  of  our 
limited  space  to  an  account  of  its  leading  features.  It  will  no  doubt 
be  reported  in  detail  in  the  'Quarterly  Journal,'  devoted  to  the 
progress  of  Microscopical  Science. 

In  continuation  of  his  reports  on  this  and  kindred  subjects.  Dr. 
Beale  communicated  a  very  valuable  paper  on  the  Germinal  Matter  of 
the  Blood,  with  remarks  upon  the  formation  of  Fibrin.  The  author 
described  all  germinal  matter  as  being  soft  or  semifluid,  and  always  of 
the  spherical  form,  unless  otherwise  distorted  by  external  agency. 
White  blood-corpuscles,  and  the  numerous  small  colourless  corpuscles 
which  Dr.  Beale  described  in  a  former  paper  to  the  Society,  consisting 
principally  of  living  or  germinal  matter,  are  of  a  spherical  form. 
In  the  blood  of  man  and  the  higher  animals,  and  we  may  add  in  the 
fluids  of  nearly  all  Invertebrata  also,  there  exist  a  great  number  of 
these  minute  granular  particles,  of  the  same  general  appearance  and 
refractive  power  as  the  matter  of  which  the  white  blood*<x>rpu8cle8  aie 
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compoeecL  It  has  been  shown  that  both  the  red  and  white  corpuscles 
of  tiie  blood  vary  Tery  considerably  in  size;  and  Dr.  Beale  has 
satisfied  himself  that  some,  if  not  all  the  minute  granular  particles 
described  by  him,  grow  into  white  and  red  corpuscles.  He  also  sees 
no  reason  why  corpuscles  may  not  exist  in  the  blood,  of  such  a  size 
as  to  be  actually  invisible  to  the  human  eye,  eyen  when  assisted  with 
the  powerful  adjunct  of  a  Virth  objective.  The  granular  particles 
absorb  nutriment  from  the  medium  in  which  they  float,  and  undergo 
nimierous  subdivisons,  producing  other  similar  granules  destined  to 
become  blood-corpuscles.  The  motive  power  which  enables  the 
granules  thus  to  subdivide,  has  no  connection  with  the  nucleus  or 
nuclear  matter,  but  resides  solely  in  the  so-called  ^  basis-substance," 
which  is  the  semi-transparent  matter  forming  the  mass  of  the  cell. 
This  "  basis-substance"  is  not  a  simple  fluid,  but  consists  of  very 
minute,  colourless  particles,  free  to  move  upon  each  other ;  and  Dr. 
Beale  believes  this  motive-power  to  be  an  inherent  and  peculiar 
prc^erty  of  living  matter.  In  cases  of  inflammation,  as,  for  instance, 
where  the  capillaries  in  the  foot  of  the  Frog  are  thus  affected,  the 
germinal  matter  is  more  able  to  absorb  nutrient  substance  on  account 
of  the  retarded  circulation.  Hence  it  is  that  white  corpuscles  are  so 
abundant  in  vessels  subjected  to  inflammatory  action,  masses  of  clot 
having  been  observed,  which  consist  of  little  else  but  white 
corpuscles.  The  author,  however,  does  not  consider  that  this 
development  from  granules  of  germinal  matter  is  the  only  mode  in 
which  white  blood-corpuscles  are  formed.  In  the  development  of 
the  blood-vessels,  the  general  opinion  is  that  cells  become  stellate,  and 
that  the  processes  formed  by  the  contiguous  cells  meet  together ;  and 
thus,  it  is  conceived,  the  cavities  of  the  adjacent  cells  become 
connected  together  by  tubes.  Dr.  Beale  has  already  contested  this 
inference  and  endeavoured  to  show  that,  so  far  from  any  coalescence 
between  cells  taking  place,  the  communicating  tubes,  which  are,  of 
course,  the  incipient  blood-vessels,  are  formed  by  the  separation  or 
moving  away  from  each  other  of  '*  cells"  which  were  originally 
contiguous.  The  walls  of  the  tubes  thus  formed  contain  germinal 
matter,  which  is  supposed  to  be  not  unfrequently  detached  in 
small  masses,  thus  giving  rise  to  smaU  corpuscles  of  a  similar  nature 
to  that  of  the  white  corpuscles.  The  increase  of  the  production  of 
white  corpuscles  is  favoured  in  all  conditions  in  which  the  access  of 
pabulum  to  these  masses  of  germinal  or  lining  matter  is  increased. 
In  connection  with  this  view  of  the  production  of  blood-corpuscles, 
Dr.  Beale  has  been  led  to  a  theory  of  the  origin  of  exudations,  which 
differs  both  from  that  held  by  those  who  support  the  "exudation 
theory,"  and  those  who  uphold  the  "cell  theory."  He  considers 
that  portions  of  the  granular  bodies  in  the  blood  may  pass  through 
the  walls  of  capillary  vessels,  and  then  being  surrounded  by  a 
suitable  pabulum,  increase  and  multiply  by  subdivision,  producing 
sometimes  clear  fluids,  at  other  times  viscid,  corpuseulated  masses. 

The  question  of  the  coagulation  of  the  blood,  which  has  been  so 
much  and  so  variously  agitated  of  late,  is  also  touched  upon  by  the 
author.     When  discussing  the  anatomy  of  the  red  blood-corpuscles 
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in  a  former  paper  he  endeavoured  to  show  that  tho  colonred  matter 
bears  to  the  colourless  or  living  germinal  matter  the  same  relation  as 
formed  material  in  other  cases  bee^  to  germinal  matter.  It  is  formed 
from  it,  or  rather  results  from  changes  occurring  in  it.  If  the  living 
or  germinal  matter  die,  slowly  and  naturally  (as  when  in  the  circula- 
ting fluid  of  the  body),  the  red  colouring  matter  is  one  of  the 
substances  resulting  from  its  death.  Numerous  facts  render  it  almost 
certain  that  these  and  other  masses  of  germinal  matter  give  rise  to 
different  substances,  according  to  the  conditions  under  which  the 
particles  cease  to  exhibit  vital  phenomena.  The  production  of  the 
material  we  know  as  fibrin  is  due  to  the  death  of  minute  particles  of 
the  living  matter  of  the  white  and  small  colourless  corpuscles,  which 
takes  place,  imder  ordinary  circumstances,  when  blood  escapes  from. 
the  vessels  of  the  living  body ;  in  fact  it  is  one  of  the  consequences 
of  the  first  decomposition  which  the  blood  undergoes  after  death. 
Such  decomposition  may  occur,  under  certain  circumstances,  in  the 
body  itself.  The  action  of  ammonia  on  the  blood,  after  death,  is 
considered  by  Dr.  Beale  to  be  such  as  to  keep  the  fibrin  once  pro- 
duced in  a  state  of  diffusion  throughout  the  mass ;  but  he  by  no  means 
considers  its  presence  in  the  living  blood  bb  demonstrated,  regarding, 
as  he  does,  the  theory  he  has  propounded  sufficient  to  account  for  the 
phenomena  of  coagulation  without  its  interpolation.  Neither  is  Dr. 
Beale  at  all  inclined  to  assent  to  the  views  of  Professor  Lister,  whose 
researches  he,  however,  mentions  with  great  deference.  The  theory 
propounded  by  that  gentleman,  that  living  substances,  such  as  the 
walls  of  blood-vessels,  &c.,  have  not  the  power  of  separating  fibrin 
from  the  blood,  while  external  matters  of  an  inanimate  nature  possess 
that  property,  is,  he  observes,  unwarranted  by  our  present  knowledge, 
such  an  assertion  as  to  the  properties  of  living  and  inert  bodies  being 
as  yet  unsupported  by  condusive  proof.  At  the  conclusion  of  his 
paper  Dr.  Beale  remarked  upon  the  unfairness  displayed  by  those 
engaged  in  writing  reviews  upon  the  works  of  observers  in  this 
country — ^who,  he  says,  are  too  wont  to  dwell  upon  the  observations  of 
foreign  investigators  to  the  neglect  of  those  of  tiieir  own  countrjrmen. 

Dr.  Lauder,  of  the  Boyal  Navy,  has  communicated  a  paper  on 
Marine  DiatomacesB  fotmd  at  Hong-Eong,  with  descriptions  of  new 
species.  The  species  described  belong  to  the  genus  Chsetoceros — and 
are  very  abundant  in  the  harbour  of  Hong-Kong.  Several  species  are 
enumerated. 

Mr.  D.  E.  Goddard  has  described  a  new  form  of  mounting-table. 
It  consists  of  a  piece  of  brass  12  inches  long  and  8  inches  broad  and 
lith  of  an  inch  thick,  a  large  space  is  punched  out  in  the  centre  of  the 
usual  form  of  microscope  dides.  The  table  is  supported  by  four  legs, 
and  a  spirit-lamp  can  be  placed  beneath,  thus  enabling  the  operator 
conveniently  to  moderate  the  amount  of  heat  used.  The  table  is  Hkely 
to  be  much  employed  by  those  who  indulge  in  such  accessory  apparatus, 
though  it  cannot  be  said  to  be  a  necessary  or  even  an  important  piece 
of  mechanism. 
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THE  ROYAL  SOCIETY. 

Thb  papers  read  before  the  Eoyal  Society  during  the  past  quarter  have 
been  of  their  usual  varied  character.  They  embrace  the  whole  circle 
of  the  sciences,  but  the  communications  to  which  we  shall  chiefly  allude 
in  these  pages  are  those  relating  to  natural  and  physical  science. 
Among  these  we  find  one  of  a  very  abstract  nature,  "  On  the  Condition, 
Extent,  and  Realization  of  a  Feifectly  Musical  Scale  on  Instruments 
with  Fixed  Tones,"  by  Mr.  Ellis.  It  was  a  very  recondite  paper,  which 
could  only  be  made  intelligible  to  those  profoundly  acquainted  with 
the  science  of  music  and  by  the  help  of  extended  diagrams. 

Chemists  have  taken  but  a  small  share  in  the  proceedings  of  the 
Boyal  Society  this  quarter.  Dr.  Stenhouse  contributed  a  short  paper 
on  Bubia  munjista  or  the  Madder  of  the  East  Indies,  in  continuation  of 
a  paper  communicated  to  the  Society  last  year.  Among  the  new  facts 
contained  in  this  paper  was  the  analysis  of  the  colouring  principle  of 
East  India  madder,  to  which  Dr.  Stenhouse  has  given  the  name  of  Mur^ 
jistine.  He  found  it  to  be  closely  allied  in  composition  to  the  colouring 
matters  obtained  from  Turkey,  and  Continental  madders.  Munjistine, 
though  existing  in  larger  quantity  in  Munjeet,  than  Alizarine  in 
the  best  Naples  madder,  has  unfortunately  much  less  tinctorial  power, 
and  consequently  the  value  of  East  India  madder  as  a  dye  stuff  is  much 
smaller  than  that  of  either  Turkey  or  Naples.  From  the  purpurine  of 
munjeet  Dr.  Stenhouse  has  produced  a  new  dye,  by  dissolving  it  in 
ammonia,  and  allowing  the  solution  to  rest  in  a  warm  place  for  about 
a  month,  occasionally  replacing  the  ammonia  and  water  lost  by  evapo- 
ration. The  purpurine  disappears,  and  a  new  colouring  matter  is  formed 
which  dyes  unmordanted  silk  and  wool  of  a  fine  rose  colour,  but  will 
not  dye  even  mordanted  vegetable  fibre.  The  author  gives  the  name 
purpureine  to  this  new  dye. 

A  paper  of  great  sci^tific  interest  on  the  Acids  of  the  Lactic  series 
was  communicated  by  Messrs.  Frankland  and  Duppa. 

Terrestrial  magnetism  now  attracts  a  large  share  of  attention,  and 
ihe  results  of  the  observations  made  will  some  day  lead  to  important 
consequences.  At  present  we  must  reckon  among  the  curiosities  of 
science,  the  mysterious  connection  which  seems  to  exist  between  the 
magnetism  of  our  earth  and  the  spots  on  the  sun.  Dr.  Wol^  of 
Zurich,  has  gone  over  a  table  of  the  magnetic  variations  observed  at 
Greenwich  for  several  years,  and  compared  it  with  his  own  observations 
of  sun-spots,  finding  the  years  which  show  the  greatest  magnetic  devia- 
tions to  have  been  richest  in  sun  spots. 

The  beautiful  self-recording  magnetographs  at  Eew  have  been 
adopted  in  the  Observatory  at  Lisbon,  and  Senhor  Capello,  of  the 
Lisbon,  and  Mr.  Stewart  of  the  Eew,  Observatories,  now  send  to  the 
Boyal  Society  the  results  of  a  comparison  of  certain  traces  produced 
simultaneously  at  the  two  places,  during  the  magnetic  disturbances  in 
July  last  year.  It  seems  that  when  the  Eew  and  Lisbon  curves  are 
compared  together,  a  very  striking  similarity  is  found  to  exist  between 
the  horizontal  force,  one  perhaps  less  striking  between  the  declination 
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curves,  and  very  little  likeness  between  the  vertical-force  curves. 
The  curves  of  vertical  force  are  indeed  nearly  quite  dissimilar.  The 
peaks  and  hoUows  of  the  Kew  curves  were  generally  (simultaneously) 
reproduced  at  Lisbon,  but  in  an  opposite  direction,  a  sudden  augmen- 
tation of  the  vertical  force  at  Eew  corresponding  to  a  diminution  at 
Lisbon,  and  vice  versa. 

When  Captain  Maguire  was  at  Point  Barrow  during  the  winters 
1852-53  and  1853-54,  he  made  hourly  observations  of  the  magnetic 
declination.  Similar  observations  were  made  by  Captain  (now  Sir 
Leopold)  M*Clintock,  at  Port  Kennedy,  1,200  miles  distant  from  Point 
Barrow,  during  the  winter  1858-59.  The  learned  President  of  the 
Eoyal  Society,  who  may  be  considered  the  parent  of  this  branch  of 
science,  has  compared  the  results  of  these  two  series  of  observations  in 
a  paper  communicated  to  the  Society.  The  first  point  established  is 
that  the  action  of  any  disturbing  force  on  the  declination-magnet  is 
less  at  Port  Kennedy  than  at  Point  BaiTOW,  that  is,  less  at  the  station 
nearest  to  the  points  of  90"  dip.  The  indication  accords  with  the  fact 
of  the  greater  frequency  of  the  aurora  at  Point  Barrow.  A  remarkable 
correspondence  is  pointed  out  between  the  maxima  of  easterly  and 
westerly  deflection  observed  at  the  two  stations.  The  maximum  of 
easterly  deflection  occurred  at  the  same  hour  of  absolute  time,  the 
maximum  of  westerly  at  the  same  hour  of  local  time.  At  Port  Kennedy 
the  normal  direction  of  the  magnet  is  35**  east  of  south  :  at  Point  Bar- 
row 41°  to  the  west  of  north :  the  contrast  at  the  two  stations  is  there- 
fore nearly  as  great  as  can  exist  in  any  part  of  the  globe,  wanting  only 
6*"  of  180'',  or  of  being  diametrically  opposite. 

A  few  anatomical  papers  have  been  communicated  during  the  past 
quarter.  Mr.  E.  Lee  contributed  a  paper  on  the  Distribution  of  the 
Nerves  in  an  Anencephalous  Foetus  which  he  dissected,  and  in  which 
he  found  the  distribution  quite  normal.  Professor  Huxley  made  a  com- 
munication on  the  Osteology  of  the  genus  Glyptodon.  Mr.  J.  W. 
Hulke  sent  a  contribution  on  the  Minute  Anatomy  of  the  Betina  of  the 
Amphibia  and  Beptiles. 

The  last  consisted  of  descriptions  of  the  intimate  structure  of  the 
retina  of  the  Frog,  Black  and  Yellow  Salamander,  Turtle,  Land  and 
Water  Tortoises,  Spanish  Gecko,  Blindworm,  and  Common  Snake. 
Li  all  seven  layers  are  recognizable.  Beckoning  from  the  outer  or 
choroidal  surface  of  the  retina  these  are :  the  Bacillary,  the  Layer  of 
Outer  Granules,  the  Inter-granular  Layer,  the  Layer  of  Inner 
Granules,  the  Granular  or  Grey-nervous  Layer,  the  Ganglionic  Layer, 
and  that  of  the  optic  nerve-fibres.  The  elements  of  the  Bacillary 
Layer  are  remarkable  for  their  large  size,  they  are  the  bodies  known 
as  the  Bods,  and  the  Cones  or  Bulbs.  There  are  good  grounds  for 
believing  them  to  be  the  percipient  elements.  They  consist  of  two 
segments,  an  outer  or  shaft,  and  an  inner  or  body,  the  junction  of 
which  is  marked  by  a  bright  transverse  line.  The  shaft  is  a  long 
rectangle  in  the  rods ;  smaller  and  slightly  conical  in  the  lines.  The 
body  is  flask  or  spindle  shaped,  and  mostly  smaller  than  the  shaft  in 
the  Bods ;  more  decidedly  flask-shaped  and  larger  than  the  shaft  in  the 
Cones.     One  of  the  '^  Outer  Granules  "  is  always  associated  with  the 
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inner  end  of  the  body  in  both  Bods  and  Cones,  and  may  be  regarded 
as  an  integral  part  of  it ;  the  number  of  ^  Outer  Granules"  con- 
sequently equals  that  of  the  Bods  and  Cones.  These  ^  Granules"  are 
laige  circular  cells,  mostly  containing  a  central  nucleus  in  which  they 
differ  from  the  ^  Inner  Granules."  A  very  delicate  fibre  runs  inwardis 
&om  the  inner  end  of  the  Bod  and  Cone  body,  not  from  the  Outer 
Granule  enclosed  in  this,  as  some  think.  This  Mr.  Hulke  has  traced 
through  the 'intermediate  layers  to  the  inner  part  of  the  Granular 
Layer  in  the  neighbourhood  of  the  Ganglion  cells.  The  ''Inner 
Granules"  are  round  or  polygonal  cells,  more  numerous  than  the 
*'  Outer  Granules."  The  Ganglion  cells  are  mostly  multipolar ;  some 
of  their  processes  join  those  of  neighbouring  cells,  others  join  the 
bundles  of  optic  nerve-fibres,  and  a  third  set  bend  outwards  into  the 
Granular  Layer.  In  the  Frog  and  Gecko  Mr.  Hulke  has  traced  optic 
nerve-fibres  passing  outwards  through  Ganglionic  into  the  Granular 
Layer.  The  author  prefers  the  term  Granular  to  that  of  Grey- 
nervous  for  the  broad  layer  which  lies  between  the  Ganglionic  Layer 
and  that  of  the  Inner  Granules,  as  it  correctly  describes  its  appearance 
under  a  low  power,  and  has  no  respect  to  the  nature  of  tiie  tissue, 
which  he  regards  as  connective  and  not  nervous.  A  high  power 
demonstrates  a  closely-woven  web  in  part  derived  from  the  fibres  travers- 
ing it  in  a  radial  direction  discovered  by  MiQler.  The  Inter-granular 
Layer  he  also  regards  as  a  looser  web  of  coarser  connective  tissue. 
The  orderly  arrangement  of  the  respective  layers  and  of  the  cell- 
elements  in  each  is  maintained  by  a  framework  of  connective  tissue, 
which  consist  of  a  homogeneous  membrane  bounding  the  inner 
surface  of  the  retina ;  of  the  system  of  fibres  discovered  by  Muller, 
arising  from  the  outer  surface  of  this  membrane  and  traversing  all  the 
layers  in  a  radial  direction  to  end  upoa  the  inner  surface  of  a 
fenestrated  homogeneous  membrane,  which  receives  the  Bod  and  line- 
bodies  ;  and  lastly,  of  a  delicate  web  in  connection  with  these  fibres, 
which  preserves  die  disposition  of  the  cells  when  in  the  several  layers^ 
These  radial  fibres  are  not  looked  on  by  the  author  as  the  link  between 
the  Bods  and  Cones,  the  percipient,  and  the  optic  nerve-fibres,  the 
conducting  elements  of  the  retina :  the  view  held  by  Muller,  Eolliker, 
and  some  others.  The  true  link  he  considers  to  be  the  fibre  passing 
inwards  frt>m  the  inner  end  of  the  Bod-  and  Cone-body,  which  cJso  has 
a  radial  direction,  but  is  to  be  distinguished  from  MuUers'  fibre. 

Another  paper  of  mixed  chemical,  physiological  and  optical 
interest  was  communicated  by  Professor  Stokes.  It  has  been  supposed 
that  biliverdin,  the  green  colouring  matter  of  bile,  and  chlorc^hylL,  the 
green  colouring  matter  of  plants,  are  identicaL  An  optico-chemical 
analysis  of  these  bodies,  however,  shows  them  to  be  perfectly  distinct. 
Chlorophyll  is  a  compound  body — a  mixture  of  four  substances — two 
yellow  and  two  green,  all  possessing  distinctive  optical  properties.  It  is 
extremely  difficult  to  separate  these  bodies  by  chemical  means,  but 
they  may  be  obtained  in  approximate  state  of  purity.  The  phyUo- 
cyanine  and  phyUoxanthine  of  Fr^my,  Professor  Stokes  shows  to  be 
what  we  may  call  products  of  decomposition. 

A  very  valuable  account  of  some  Experiments  made  to  determine 


302  Proceeding  of  M^cpoUtan  SocieUes.  [April, 

the  effects  of  impact,  Tibratoiy  action,  and  a  long-continned  change 
of  load  on  wronght-iron  girders  was  contributed  to  the  Eoyal  Society 
by  Dr.  Fairbairn.  The  experiments  were  undertaken  in  order  to 
ascertain  the  extent  to  which  a  bridge  or  girder  of  wrought  iron  may 
be  strained  without  injury  to  its  ultimate  powers  of  resistance,  or  the 
exact  amount  of  load  to  which  a  bridge  may  be  subjected  without 
endangering  its  safety. 

To  give  tables  of  the  experiments  would  occupy  too 'much  space, 
but  we  may  give  the  results  arrived  at.  It  follows  from,  them  that 
wrought-iron  girders  of  ordinary  construction  are  not  safe  when  sub- 
mitted to  -violent  disturbances  equivalent  to  one-third  the  weight  that 
would  break  them.  They,  however,  exhibit  wonderful  tenacity  when 
subjected  to  the  same  treatment  with  one-fourth  the  load  ;  and  assuming 
that  an  iron-girder  bridge  will  bear  with  this  load  12,000,000  changes 
without  injury,  it  is  clear  that  it  would  require  328  years  at  the  rate 
of  100  changes  a  day  before  its  security  was  affected.  It  would,  how- 
ever, Dr.  Fairbairn  adds,  be  dangerous  to  risk  a  load  of  one-third  the 
breaking  weight  upon  bridges  of  this  description,  as  according  to  the 
last  experiment,  the  beam  broke  with  313,000  chimges  ;  or  a  period  of 
eight  years,  at  the  same  rate  as  before  would  be  suficient  to  break  it. 
But  the  same  beam  had  before  been  submitted  to  3,000,000  changes 
with  one-fourth  the  load,  and  it  might  be  that  during  these  experi- 
ments it  had  undergone  a  gradual  deterioration  which  must  some  time, 
however  remote,  have  terminated  in  fracture. 

The  girder  experimented  on,  we  may  add,  was  a  wrought-iron  plate 
beam  of  the  ordinary  form,  having  a  sectional  top  area  nearly  double 
that  of  the  bottom. 

An  abstract  of  an  abstract  would  give  a  very  imperfect  notion  of 
the  ideas  propounded  by  the  Hev.  Joseph  Bayma  "On  Molecular 
Mechanics,"  a  new  science,  by  which  the  author  proposes  to  solve, 
"  a  problem  which  includes  all  branches  of  physics,  and  which  may  be 
enunciated  in  general  terms,  9a  follows : — 

"  From  the  knowledge  we  gain  of  certain  properties  of  natural  sub- 
stances by  observation  and  experiment,  to  determine  the  inlrineic  constu- 
tution  of  these  bodies^  and  the  laws  according  to  vjhich  they  ought  to  ac<, 
and  he  ousted  upon  in  any  hypothesis  whatever  J*  There  is  no  explaining 
a  science  like  that  of  ''Molecular  Mechanics,"  as  succinctly  as 
Mme.  De  Stael  once  requested  some  German  philosopher  to  explain 
his  system — ^^  Bites-moi  voire  systeme  dans  un  mot,''  We  must  wait  for 
the  author's  volumes. 

Two  short  papers,  one  by  Mr.  Prestwich  "  On  some  farther  Evidence 
bearing  on  the  Excavation  of  the  Valley  of  the  Somme  by  Biver 
Action ; "  and  another  by  the  Bev.  8.  Haughton,  "  On  the  Joint 
System  of  Ireland  and  Cornwall,"  make  up  the  geological  contributions 
to  the  Boyal  Society  during. the  first  two  months  of  the  present  year. 
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THE  BOYAL  INSTITUTION  OF  GBEAT  BEITAIN. 

Thx  scientific  lectnres  at  the  Boyal  Institution  haye  been  of  varied 
interest.  In  the  first,  on  Jannaij  22,  Mr.  Grove,  Q.C.,  gave  an  ac- 
count of  those  curious  experiments  ^  On  Boiling  Water, '  which  are 
now  well  known  to  all  scientific  men.  Mr.  Grove's  experiments  are 
confessedly  but  a  continuation  of  those  of  M.  Donny,  of  Brussels,  who 
found  that  when  water  has  been  deprived  of  air,  it  no  longer  boils  in 
the  ordinary  sense  of  that  word,  but  exhibits  the  singular  phenomenon 
of  an  occasional  burst  of  vapour,  the  water  in  the  intervals  attaining  a 
temperature  higher  than  212°  Fahr.  The  principal  result  of  Mr. 
Grove's  investigations  goes  to  prove  the  almost  absolute  impossibility 
of  depriving  water  of  all  air ;  for  however  long,  and  imder  whatever 
conditions,  water  is  submitted  to  heat,  there  is  still  found  in  it  a^very 
minute  proportion  of  nitrogen.  The  lecturer  hinted  at  some  possible 
chemical  connection  between  nitrogen  and  water,  the  preponderating 
substances  on  the  surface  of  our  pLmet,  and  the  possibiHty  of  nitrogen 
not  being  merely  the  inert  diluent  it  is  commonly  supposed. 

Simple  boilmg,  in  the  sense  of  a  Hquid  expanded  by  heat  into  its 
vapour  without  being  decomposed  or  having  permanent  gas  eliminated 
from  it,  the  lecturer  believed  to  be  unlmown.  Boiling  (ebullition), 
therefore,  is  not  the  result  of  merely  raising  a  liquid  to  a  given  tem- 
perature, but  something  much  more  complex. 

To  describe  the  experiments  of  Mr.  Grove  would  occupy  too  much 
space,  and  we  can  only  indicate  the  results,  which  went  to  show  that 
chemical  purity  is  a  thing  almost  unattainable,  and  that  in  nature 
everything  can  be  found  in  anything  if  carefully  sought.  Bromine  * 
when  boiled,  however  long,  always  yielded  oxygen ;  phosphorus  in- 
variably gave  phosphuretted  hydrogen ;  and  sulphur,  sidphuretted 
hydrogen,  probably  from  the  decomposition  of  water  contained,  which 
might  lead  to  the  supposition  that  a  minute  portion  of  oxygen,  hydro- 
gen, or  of  water  is  inseparable  from  these  substances,  and  if  boiled  to 
absolute  diyness,  a  minute  portion  of  the  gas  would  be  left  for  each 
ebullition. 

Mr.  Grove  further  alluded  to  the  e£Eects  of  intense  heat  on  simple 
and  compound  bodies,  showing  how  the  latter  are  decomposed,  and  the 
former  undergo  some  molecular  change,  as  phosphorus  into  its  allo- 
tropio  condition  and  oxygen  into  ozone.  These  facts  showed  that  the 
effects  of  heat  are  not  so  simple  as  commonly  supposed.  In  by  £eu: 
the  greater  number  of  cases,  possibly  in  all,  it  is  not  mere  expansion 
into  vapour  which  is  produced,  but  there  is  further  a  chemical  or 
molecular  change. 

As  regards  Qie  phenomenon  of  ebullition,  Mr.  Grove  believes  that  no 
one  has  seen  this  take  place  without  permanent  gas  being  liberated, 
and  that  what  is  termed  boiling  arises  from  the  extrication  of  a  bubble 
of  permanent  gas,  either  by  .chemical  decomposition  of  the  liquid,  or 
by  the  separation  of  some  gas  associated  in  minute  quantity  with  the 
liquid,  and  from  which  human  means  have  hitherto  &iled  to  purge  it. 
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[These  experiments  of  Mr.  Grove  probably  explain  the  difficulty 
which  working  engineers  have  noticed  of  getting  up  steam  with  sur- 
face condensed  water,  and  suggest  the  aeration  of  such  water  before  it 
is  again  passed  into  the  boiler.  Mr.  Grove  asserts  that  water  exposed 
to  air  takes  it  up  as  a  sponge  does  water ;  but  under  some  circum- 
stances it  may  not  absorb  enough  to  produce  steady  ebullition.] 

On  January  29,  Dr.  Frankland  lectured  on  the  Glacial  Epoch.  As, 
however,  this  discourse  will  be  treated  at  length  in  our  Geological 
Chronicle,  we  shall  content  ourselves  with  a  brief  sketch  of  Dr.  Frank- 
land's  physical  theory.  All  our  readers  are  acquainted  with  the  evi- 
dences of  glacier  action  on  the  surface  of  our  earth,  and  the  various 
hypotheses  upon  which  the  formation  of  glaciers  has  been  explained. 
Dr.  Frankland  advanced  a  new  theory,  and  conjectures  that  the  sole 
cause  of  the  phenomena  of  the  glacial  epoch  was  a  higher  temperature  of 
the  ocean,  than  that  which  obtains  at  present.  Since  the  earth  appears 
to  be  slowly  cooling,  it  is  conceivable  that  there  was  a  time  (not  geo- 
logically distant)  when  the  waters  of  the  ocean  existed  in  the  atmosphere 
as  aqueous  vapour,  as  it  may  in  Jupiter  and  Venus  at  the  present  day. 
After  the  formation  of  the  ocean,  the  lecturer  showed  that  the  land  must 
have  cooled  more  rapidly  than  the  sea.  At  this  part  of  the  subject,  he 
alluded  to  some  unpublidied  experiments  of  Dr.Tyndall,  which  prove  the 
extraordinary  intranscalency  of  aqueous  vapour  to  rays  of  heat  issuing 
from  water.  He  showed  also  the  comparative  facility  with  which  radiant 
heat  passes  from  granite  through  most  air.  Thus  we  have  a  state  of 
things  tending  much  more  to  the  conservation  of  the  heat  of  the  water, 
than  to  the  retention  of  that  of  the  land;  and  therefore,  while  the 
ocean  retained  a  temperature  considerably  higher  than  at  present, 
^  the  mountainous  regions  of  the  earth  had  undergone  a  considerably 
'  greater  refrigeration.  The  evaporation  from  the  ocean  would,  there- 
fore, have  been  greater  than  at  present,  and  this  increased  evaporation 
must  have  been  attended  by  increased  precipitation,  which  would 
suffice  to  supply  the  higher  portions  of  the  hmd  with  that  gigantic 
ice-burthen,  wluch  groaned  down  the  mountain  slopes  during  the 
glacial  epoch.  But  as  the  oceanic  temperature  was  higher,  why  was 
not  the  atmosphere  wanner  at  greater  elevations,  and  the  snow-line 
raised  ?  In  answering  this  question.  Dr.  Frankland  showed  that  the 
height  of  the  snow-line  essentially  depends  upon  the  amount  of  pre- 
cipitation and  accumulation  of  snow  during  the  cold  season,  and  not 
upon  mean  temperature.  The  mean  temperature  of  land  under  exten- 
sive surfaces  of  snow  must  have  been  reduced,  notwithstantUng  that 
the  amount  of  heat  in  activity  on  the  surface  of  the  earth  was  greater 
during  the  glacial  epoch  than  at  present.  The  course  of  events,  there- 
fore, must  have  been  as  follows : — Whilst  the  ocean  maintained  a  high 
temperature,  the  snow-line  floated  above  the  summits  of  the  mountains ; 
but  with  the  reduction  of  the  oceanic  temperature  it  gradually  de- 
scended, enveloping  peak  after  peak,  until,  during  the  glacial  epoch,  it 
attained  its  lowest  depression,  whence  it  again  rose,  owing  to  dimi- 
nished evaporation,  to  its  present  position. 

On  February  12,  Dr.Wanklyn  delivered  a  lecture  **  On  the  Synthesis 
of  Organic  Bodies,''  giving  a  brief  account  of  the  labours  of  Wohler, 


1864.]  The  Boyal  InstUuHon.  305 

PelotLze,  Kolbe,  and  Berihelot,  in  this  most  promising  and  interesting 
department  of  chemical  research. 

On  the  18th,  Mr.  Savory  lectured  '*  On  Dreaming  and  Somnam- 
bulism in  their  relation  to  the  Fmictions  of  certain  Nerve  Centres." 
The  actions  of  the  body  are  variously  classed  as  excito-motor,  sensori- 
motor, and  ideo-motor,  the  nerve  centres  employed  in  these  actions 
being  particular  parts  of  the  brain.  Sleep  is  to  the  brain  what  rest- 
is  to  the  other  parts  of  the  body,  and  dreams  result  from  the  imperfect 
exercise  of  the  hemispheres  when  only  in  a  state  of  partial  repose. 
Somnambulism  results  from  the  activity  of  the  sensorium  while  the 
hemispheres  are  at  rest.  Dreaming  is  more  conmion  than  sonmam- 
bulism,  because  the  cerebral  lobes  are  most  liable  to  variation  from  the 
quantity  and  quality  of  blood  supplied  to  them,  and  from  the  influence 
of  stimulants,  narcotics,  &c.  In  profound  sleep  no  actions  bnt  excito- 
motor,  or  involuntary,  such  as  the  movements  of  respiration  and  of  the 
heart,  are  performed ;  and  these  are  reduced  in  force  and  frequency. 
In  dreaming,  ideas  are  aroused,  and  impressions  either  subjective  or 
objective  are  produced.  If  the  latter,  it  shows  that  the  sensorium  must 
be  in  partial  activity.  In  somnambulism,  the  actions  are  sensori- 
motory,  and  the  sensorium  is  in  full  activity.  The  above  is  the 
merest  outline  of  a  very  eloquent  lecture,  wluch  was  concluded  by 
some  observations  on  the  ben^cial  moral  effects  that  may  possibly  be 
derived  from  a  study  of  our  dreams.  They  may  in  fistct  become  the 
means  of  showing  us  what  we  really  are. 

On  February  26,  Mr.  Prestwich  lectured  ^'On  the  Quaternary  Flint 
Implements  of  Abbeville,  Amiens,  Hoxne,  &c. ;  their  Geological  Posi- 
tion and  History."  In  his  address  (fidly  reported  in  our  Geological 
Chronicle),  the  lecturer  says  he  is  convinced  that  the  flint  implements 
are  the  genuine  work  of  man's  hands,  and  that  their  being  found  along 
with  the  remains  of  extinct  animals,  necessitates  bringing  the  date  of 
these  animals  forward,  as  much  as  carrying  back  that  of  man.  He 
believes  we  have  no  data  to  decide  definitely  on  the  age  of  these  re- 
mains; but  thinks  we  are  not  warranted  in  assuming  the  length  of 
time  alleged. 

The  interesting  and  important  lecture  of  Professor  Stokes,  upon 
the  '*  Discrimination  of  Organic  Bodies  by  their  Optical  Properties," 
must  for  the  present  be  postponed. 
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One  of  the  most  interesting  papers  communicated  to  this  Society 
during  this  session,  was  by  Mr  Alfred  Newton,  on  the  discovery  of  a 
mummy  of  the  Great  Auk  {Alca  impennis)^  in  Funk  or  Penguin  Island, 
170  mUes  north  of  St.  John's,  Newfoundland.  It  appears  that  ever 
since  the  publication  of  Mr.  Yarrell's  '  History  of  British  Birds,' 
containing  his  account  of  the  Alca  impennis,  wherein  was  cited 
M.  Audubon's  statement  that  that  species  bred  on  an  island  in  the 
neighbourhood  of  Newfoundland,  the  attention  of  British  ornitho- 
logists has  been  directed  to  that  colony,  in  the  hope  of  obtaining 
thence  specimens  of  this  rare  and  curious  bird.  The  Great  Auk  was 
known  to  the  sailors  engaged  in  the  Newfoundland  cod  fisheries,  as 
the  Penguin,  so  far  back  as  the  year  1670,  and  the  few  that  have  been 
seen  witibin  the  last  sixty  years  or  so,  are  spoken  of  as  '*  Penguins." 
A.Mr.  WoUey  had  ascertained  these  fiicts,  and  feeling  convinced  that 
specimens  of  the  bird  were  yet  to  be  obtained,  determined  to  work  out 
its  history.  Meanwhile  Professor  Steenstmp  published  (Yidenskabelige 
Meddelelser,  1855,  pp.  83-116)  an  account  of  the  Alca  impennis,  in 
connection  with  tiie  discovery  of  its  bones  in  great  abundance  on 
Funk  or  Penguin  Island,  by  Herr  Stuvitz.  The  author  of  the  paper, 
Mr.  Newton,  feeling  great  confidence  in  Herr  Stuvitz's  statements, 
immediately  set  about  corresponding  with  every  one  he  could  hear  of 
in  Newfoundland  likely  to  assist  him  in  obtaining  any  of  these  much- 
prized  remains  of  the  Great  Auk.  At  last,  after  considerable  delay,  by 
the  conjoint  labours  of  the  Eev.  Reginald  Johnson,  of  Fogo,  and  the 
Bishop  of  Newfoundland,  Mr.  Newton  has  succeeded  in  inducing  Mr. 
N.  B.  Yail,  a  gentleman  of  scientific  taste,  to  make  application  to  Mr. 
Glindon,  who  is  removing  the  soil  from  Penguin  Islwd,  on  account  of 
its  containing  large  quantities  of  phosphatic  manure,  and  who  has 
ordered  his  men  ifiere  employed  to  use  their  best  endeavours  to  ob- 
tain the  bones  of  the  Penguin.  Amongst  numerous  other  remains,  the 
mummy  was  foimd  which  Mr.  Newton  exhibited.  It  seems  to  have 
been  deeply  buried,  being,  says  the  Bishop  of  Newfoundland,  *'  four  feet 
below  the  surface,  and  under  two  feet  of  ice."  The  skeleton  is  not  quite 
perfect ;  but  when  it  is  remembered  what  a  rarity  any  bones  of  the  bird 
are,  and  that  the  nearest  approach  to  a  perfect  skeleton  of  the  Great 
Auk,  viz,  that  in  the  Jardin  des  Plantes,  is  wanting  in  many  respects, 
the  importance  of  Mr.  Newton's  discovery  will  be  appreciated.  Be- 
sides the  skeleton  in  the  Jardin  des  Plantes,  there  are  two  specimens 
of  this  bird  in  the  Museum  at  Copenhagen — dissected  with  a  view  to 
show  the  various  organs.  In  many  museums  specimens  of  bones  from 
various  parts  of  the  body  exist— as  at  Christiania,  the  Royal  College 
of  Surgeons,  Berlin,  and  elsewhere.  There  are  altogether  sixty-three 
or  sixty-four  stu£fed  skins  of  the  Alca  impennis  known  to  exist ;  many 
of  these  contained  parts  of  the  skeleton,  which  have  in  some  cases  been 
removed  without  injuring  the  skin.  Mr.  Newton  expressed  his  inten- 
tion of  placing  the  specimen  he  had  so  perseveringly  obtained  in  the 
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the  hands  of  Professor  Owen,  from  whom  an  account  of  the  bird's 
osteology  was  anticipated. 

Mr.  A.  B.  Wallace  has  contributed  a  very  interesting  paper  on  the 
birds  inhabiting  the  islands  of  Timor,  Flores,  and  Lombock,  with  de- 
scriptions of  new  species.  The  chain  of  islands  of  which  Timor  is 
the  last,  extends  along  the  east  of  Java,  and  forms  a  natural  subdivi- 
sion of  the  Malayan  Archipelago.  The  soil  of  these  islands  is  very 
dry ;  active  volcanoes  are  still  at  work  in  them,  and  their  origin  is 
probably  volcanic.  The  vegetation  consists  of  spiny  and  prickly 
shrubs,  the  dense  forests  and  luxuriant  growths  of  most  equatorial 
regions  being  quite  unknown.  During  five  months,  Mr.  Wallace  ob- 
tained 112  species  of  birds  from  Timor — the  number  of  species  known 
altogether  being  118 ;  from  Flores  he  obtained  86  species ;  from  Lom- 
bock, 63  species;  from  Sumbawa  no  collection  was  made;  and  the 
island  of  Bali  belongs  to  the  Indian  region,  and  is  therefore  not  con- 
sidered in  connection  with  the  Malayan  groups.  The  total  number  of 
species  of  birds  known  to  inhabit  the  Timorean  sub-group  is  186, 
and  Mr.  Wallace  makes  some  interesting  comparisons,  from  the  data 
he  has  obtained,  with  the  avifauna  of  the  neighbouring  islands,  which 
he  has  so  successfully  investigated.  The  presence  in  the  Timorese 
avifauna  of  a  large  number  of  Australian  representative  species,  and 
the  £ELct  that  the  species  peculiar  to  Timor  approach  the  Australian 
types,  though  at  the  same  time  the  Javan  forms  are  very  abundant  and 
there  are  few  birds  of  the  Javan  type  which  are  not  identical  with 
species  of  that  island,  leads  Mr.  WalLeMse  to  infer  that  the  island  was 
more  anciently  populated  from  Australia,  while  the  Javian  forms  have 
appeared  later,  and  partially  extinguished  the  Australian  types.  Timor 
is  now  nearly  20  nules  by  sea  from  Java,  while  300  miles  separate  it 
from  Australia.  A  large  sandbank  however  extends  from  the  north 
coast  of  that  continent  to  within  20  miles  of  Timor,  and  Mr.  Wallace 
believes  it  probable  that  this  sandbank  is  owing  to  the  submergence  of 
the  land  not  very  long  since.  It  is  not  likely  that  an  absolute  con- 
nection by  land  existed  between  Timor  and  Australia,  since  but  one 
Marsupial,  and  that  of  a  Moluccan  type,  is  found  in  the  island.  Yet 
we  must  assume  a  much  closer  approximation  to  the  continent,  in  order 
to  enable  us  to  understand  how  it  happens  that  though  the  birds  of 
these  islands  are,  on  the  whole,  almost  as  much  Indian  as  Australian, 
yet  the  apparently  endemic  species  have  such  a  preponderating  Austra- 
lian character. 

A  list  of  birds  from  Damara  land,  collected  by  Mr.  Anderson,  has 
been  communicated  by  Mr.  T.  H.  Gumey.  The  same  gentleman  com- 
municated a  list  of  a  small  collection  of  birds  from  Huaheima,  one  of 
the  Society  Islands.  The  birds  were  obtained  for  Mr.  Gumey  by  Mr. 
T.  H.  Wodehouse,  H.B.M.  consul  at  Baiatea. 

Among  the  new  species  of  Mammalia  described  before  the  Society 
during  the  past  quarter,  is  a  new  squirrel  from  Natal,  which  Dr.  Gray 
proposes  to  call  Sciurua  omaitis ;  also  a  new  species  of  seal  from  the 
west  coast  of  North  America,  which  Dr.  Gray  has  named  Halocyon 
Bichardiu 
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Mr.  Flower  has  been  dissecting  the  Echidna,  which  lately  died  at 
the  Ghirdens  in  Begent's  Park,  and  has  oonunimicated  a  paper  on  its 
cerebral  anatomy.  He  finds  that  the  corpora  quadrigemina  does  not, 
as  has  been  stated  by  Owen  and  others,  differ  materifJly  in  this  mono- 
trema  from  the  ordmaiy  structure  of  this  part  of  the  brain  in  other 
Mammals. 

The  fishes  of  the  inland  rivers  and  lakes  of  many  countries  are  so 
little  known,  and  the  circumstances  under  which  they  exist  are  so 
yaried  and  peculiar,  that  in  nearly  every  district  new  and  local  species 
are  to  found.  Captain  Dow  has  lately  transmitted  ta  England  a  col- 
lection of  thirty-one  species  obtained  from  Central  America,  among 
which  Dr.  Gunther  has  determined  several  new  species  of  great  interest 
which  he  has  described  to  the  Society. 

An  addition  to  the  1,200  species  of  Helix  is  made  by  Dr.  T.  E. 
Cox,  who  describes  a  species  from  Port  Denison,  N.E.  Australia,  as 
Helix  Forhesii,  Mr.  Frank  Buckland,  who  has  done  such  good  work 
for  our  salmon  and  trout,  and  also  tried  to  show  us  a  live  porpoise  in 
London,  has  turned  his  attention  to  oysters,  and  has  addressed  a  com- 
munication to  the  Society,  in  which  he  advocates  the  introduction  of  the 
American  Oeirea  Virginica  into  the  seas  of  this  country. 

Mr.  H.  T.  B.  Hancock  is  performing  some  experiments  on  the  sup- 
posed electrical  powers  of  Octopus,  by  means  of  a  specimen  in  the 
Society's  gardens. 
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CHRONICLES  OF   SCIENCE. 


I.  AGRICULTURE. 

Almost  every  department  of  farm  management  is  in  active  operation 
during  the  first  months  of  the  year.  Land  drainage  and  antnmnal 
tillage  have  put  the  &llows  in  the  host  condition  for  deriving  fertility 
from  the  atmosphere.  The  direct  application  of  manures  to  the  crop 
becomes  useful  and  economical  as  the  season  of  growth  commences. 
Seedtime  brings  under  discussion  the  various  methods  at  our  command 
for  plant  improvement.  The  continuance  of  stall-feeding  on  winter 
food  keeps  the  whole  subject  of  the  meat  manufeu^ture  before  the  mind 
of  the  furmer.  And  the  lambing  and  calving  season  recalls  for  his 
consideration  all  those  points  on  which  the  theory  and  practice  of  the 
improvement  of  his  live-stock  depend.  It  is  in  the  order  of  these 
several  departments  of  farm  practice  that  we  write  the  agricultural 
record  of  the  first  three  months  of  1864. 

1.  A  dry  winter  had  very  early  in  the  season  put  the  tillage  work 
of  our  arable  farms  unusually  forward ;  and  the  periods  of  severe  frost 
which  towards  the  end  of  winter  were  experienced  have  been  of  the 
greatest  service  on  all  well-drained  clays.  It  is  on  such  lands  espe- 
cially that  the  steam  cultivation  of  the  previous  autumn  proves  supe- 
rior to  the  ordinary  horse  tillage,  which  on  such  soils  interferes  very 
materially  with  the  drainage  of  the  land. 

The  extension  of  this  steam  cultivation  is  the  great  agricultural 
event  of  late  yeai*8,  and  though  comparatively  little  is  heard  of  it 
during  the  winter  months,  yet  it  is  then  especially  that  its  advantages 
are  seen  and  realized.  Fields  which  have  hitherto  been  kept  dry  by 
steep  surface  lands  or  ridges  and  frequent  intervening  furrows,  as  well 
as  by  the  ordinary  underground  drains,  are  now  left  flat  and  dry,  torn 
up  roughly  before  wiifter  by  the  engine-drawn  cultivator. 

The  drainage  of  stiff  clay  soils  has,  indeed,  till  now  been  rarely 
thoroughly  effected.  Trenches  have,  indeed,  been  dug  some  8  or  4 
feet  deep  and  7  or  8  yards  apart,  and  through  pipes  placed  in  them  it 
has  been  expected  that  all  the  rain  which  falls  upon  the  field  will  find 
its  way,  after  gradual  penetration,  through  the  soil  and  subsoil,  and 
filtration  by  every  particle  of  all  this  three  or  four  foot  deep  mass  of  earth. 
But  after  this  the  upper  layer  of  this  mass  has  hitherto  been  cultivated 
in  a  way  which  interposes  between  it  and  the  lower  layers  what  is 
practically  an  impervious  floor.  Three  or  four  ploughings  of  grain 
stubbles  before  the  succeeding  peas  and  beans,  the  passage  of  long 
teams  of  cattle  on  the  floor  over  which  the  soil,  and  under  which  the 
subsoil  lies  is  an  effectual  induration.  This  floor  is  fatal  to  land 
drainage,  and  therefore  to  fertility.  It  must  be  broken  up,  and  this 
can  be  done  effectually  only  by  steam  power.     Every  month  of  March 
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for  seyeral  years  we  ha^e  walked  over  hundreds  of  acres  of  stiff  clay 
land — ^land  needing  four  horses  to  the  plongh — drained  and  smashed 
np  by  steam  power  before  winter,  between  whose  surface  and  the  drains 
no  such  floor  exists.  It  has  trodden  dry,  and  has  then  been  lying  in 
as  wholesome  a  condition  as  it  is  possible  for  land  to  exhibit  at  this 
season.  The  only  tillage  which  it  has  had  has  been  a  one-way  culti- 
vation, or  grubbing  by  steam  power  8  or  9  inches  deep  during 
the  previous  dry  weather  of  October  or  November.  And  this  land  has 
thus  been  left  a  treasure-box  whose  lock  has  been  effectually  picked, 
of  whose  stores,  made  thus  accessible,  it  only  needs  that  use  be  made 
by  planting  well-selected  living  seed,  in  order  that  the  utmost  fertility 
may  be  exhibited  at  harvest  time.  Steam  cultivation,  after  drains  have 
been  dug  and  placed,  is  the  way  to  ensure  good  drainage.  Tillage  by 
steam  power,  under  such  circumstances,  is  the  true  picklock  by  which 
the  exhaustless  stores  of  food  for  plants  present  in  aU  clay  soils,  lying 
now  inaccessible,  may  be  laid  open  to  the  roots  of  plants.  The  break- 
ing up  of  the  floor,  which  horse  cultivation  lays  unmediately  below 
the  surface,  and  the  breaking  up  of  soil  and  subsoil,  with  the  exposure 
of  the  whole  to  air  and  rain  on  its  way  downwards  to  the  drain,  will 
yet  exert  a  marvellous  influence  on  fertility.  Hitherto  the  progress  of 
events  has  been  all  to  the  advantage  of  the  lighter  soils.  The  use  of 
guano  and  of  artificial  manures,  and  the  extension  of  liberal  feeding 
in  the  sheep-fold,  have  all  been  especially  to  the  advantage  of  our 
sands  and  lighter  loams.  The  application  of  steam  power  as  the 
auxiliary  of  land  drainage  gives  now  the  turn  of  advantage  to  the 
owners  and  occupiers  of  our  clays ;  and  whereas  by  marling,  sheep- 
feeding,  and  artificial  manuring  the  lighter  soils  have  till  now  been 
foremost  in  the  march  of  agricultural  improvement,  thus  contributing 
more  than  any  other  to  that  increased  produce  of  food  which  English 
fields  have  of  late  provided,  we  may  now  expect  that  by  drainage  and 
effective  tillage  the  stiffer  lands  will  take  their  turn  in  front,  making 
the  most  rapid  progress,  yielding  the  largest  produce,  the  most  profit, 
and  the  highest  rent. 

All  these  considerations,  and  others  connected  with  the  best  rota- 
tions of  cropping  for  clay  soils,  were  discussed  at  the  meeting  of  the 
English  Agricultural  Society  on  March  16th,  whbn  Mr.  A.  Hughes  of 
Thomess,  Isle  of  Wight,  read  a  paper  on  the  Cultivation  and  Ma- 
nagement of  Clay  Farms. 

2.  At  a  previous  meeting  of  the  same  Society,  Mr.  Lawes  of  Eoth- 
amstead  had  read  a  paper  on  the  Value  of  common  Salt  as  a  Manure. 
Its  reputation  as  a  fertilizer  has,  as  he  believes,  hitherto  stood  too  high. 
It  has  been  said  to  increase  the  production  of  grain,  and  to  improve 
the  quality  of  straw.  It  is  believed  to  have  great  effect  especially 
on  crops,  such  as  mangold-wurzel,  which  are  of  marine  origin.  It  is 
said  to  ^  ammonia  in  the  soil,  and  also  to  preserve  moisture  in  dry 
seasons.  Mr.  Lawes's  own  experiments  have  satisfied  him  that  it  is  of 
little  use. 

The  two  plots  of  land,  A  and  B,  on  which  these  experiments  had  been 
tried  had  both  received  exactly  the  same  amount  of  artificial  manure^ 
but  A,  unlike  B,  received,  during  1851,1852,  and  1853, 3  cwt.  of  common 
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salt  per  acre  per  annum  in  addition  to  the  other  mannreB,  The  paral- 
lel is  exact  with  that  ezceptiofl.  The  mean  produce  of  1848,  1849, 
and  1850,  the  years  previous  to  the  application  of  salt,  was  32^  or  32^ 
bushels  per  acre  in  each  case ;  showing  that  the  crops  of  wheat  were 
extremely  alike.  There  was,  in  fact,  no  difference  between  them. 
Again,  in  1851,  1852,  and  1853,  the  years  in  which  A  received  3  cwt. 
of  salt  per  acre  per  annum  and  B  did  not,  the  produce  of  wheat  per 
acre  was  almost  exactly  the  same.  During  the  next  ten  years  also  the 
produce  was  again  nearly  alike.  The  produce  of  the  sixteen  years  was 
in  each  case  B7\  bushels,  showing  that  in  the  yield  there  was  no  trace 
whatever  of  the  action  of  the  9  cwt.  of  common  salt.  Some  persons 
think,  that,  although  salt  may  not  increase  the  quantity  of  produce, 
yet  it  improves  its  quality.  What,  then,  was  the  weight  of  the  produce 
per  bushel  ?  In  the  first  three  years  the  weight  was  a  little  higher  in 
A  than  in  B ;  in  the  second  three  years,  when  the  salt  was  applied — the 
difference  was  again  slightly  in  favour  of  A,  though  not  so  much  as  it 
was  before ;  and  in  the  next  ten  years  the  weights  per  bushel  were  almost 
exactly  alike.  The  total  produce  of  the  first  three  years  was  5,988  lbs. 
against  5,976  lbs. — a  difference  of  only  a  few  pounds.  In  the  three 
years  when  salt  was  used  the  produce  was,  as  nearly  as  possible,  the 
same ;  and  in  the  ten  years  f^r  salt  was  applied,  the  produce  was 
7,799  lbs.  against  7,811  lbs.— again  a  difference  of  only  a  few  pounds. 
In  the  total  produce  of  the  whole  period  of  sixteen  years  the  difference 
was  only  12  lbs. — 7,222  lbs.  against  7,234  lbs.  Salt  is  supposed  to 
strengthen  straw,  and  to  improve  its  quality.  In  the  first  period, 
before  salt  was  applied,  there  was  57  lbs.  and  a  fraction  against  56  lbs. 
of  grain  to  100  lbs.  of  straw ;  therefore  A  was  in  that  case  rather  supe- 
rior to  B.  In  the  next  period  there  was  42*6  lbs.  against  41*7  lbs., 
there  being  again  a  slight  difference  in  favour  of  A.  Practically 
there  was  no  diffei'ence  in  the  proportions  of  com  and  straw,  taking 
the  whole  period. 

For  mangold- wurzols,  of  which  Mr.  Lawes  grows  annually  about  15 
acres,  he. has  been  in  the  habit,  which  is  prevalent,  of  applying  a  few 
cwts.  of  salt  with  the  guano  which  he  uses  along  with  a  hiJf-dressing 
of  dung.  But  an  experiment  last  year  showed  that  the  crop  was 
unaltered  where  no  salt  had  been  applied,  and  was  diminished  where 
a  double  allowance  of  salt  had  been  added.  Of  course  the  experience 
of  a  single  locality  will  not  determine  the  truth  for  all  England.  But 
Bothampstead,  in  Hertfordshire,  is  sufficiently  inland  to  make  one 
expect  that  there  the  full  effect  of  salt  as  a  manure  would  be  seen. 
Though,  however,  there  are  undoubted  instances  where  salt  has  been 
applied  with  advantage  as  a  manure,  yet  in  an  island  such  as  ours, 
swept  annually  by  Atlantic  storms,  it  can  rarely  be  the  case  that  the 
common  salt  of  the  soil  is  the  body  in  minimo,  whose  quantity,  accord- 
ing to  the  accepted  theory  of  manures,  rules  the  crop. 

A  recent  lecture  on  Artificial  Manures,  by  Professor  Anderson,  the 
chemist  to  the  Highland  and  Agricultural  Society,  has  directed  atten- 
tion to  the  prices  charged  for  Lawson's  so-called  phospho-guano,  and 
for  ordinary  superphosphates.  The  phospho-guano,  as  sold,  is  the 
result  of  treating,  with  a  comparatively  small  quantity  of  sulphmic 
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acid,  the  natural  rock  deposit  which  is  imported  from  Monk's  Island 
and  other  islets  in  its  neighbourhood.*  Certain  reports,  by  Liebig, 
Yoelcker,  and  Anderson,  of  the  merits  of  this  substance  as  a  manure, 
which  had  been  drawn  up  at  the  request  of  Messrs.  Lawson  to  be 
used  as  affidavits  in  connection  with  a  suit  brought  against  them 
in  the  Court  of  Chancery,  by  Messrs.  Thomson,  Bonar,  and  Co., 
agents  for  the  sale  of  Peruvian  guano,  have  of  late  been  largely  used 
by  them  as  a  trade  advertisement,  and  a  good  deal  of  angry  feeling 
has  been  excited  amongst  the  manufacturers  of  the  cheaper  superphos- 
phates by  this  quotation  of  ex  parte  statements  on  high  authority 
against  them.  The  upshot  of  the  discussion,  which  has  been  carried 
on  chiefly  in  the  columns  of  the  Scottish  agricultural  joumab,  appears 
to  be  the  admission,  on  all  hands,  that  it  matters  not  for  the  agricultural 
effect  of  it  what  may  have  been  the  origin,  whether  mineral  or  animal, 
of  the  soluble  superphosphate  of  lime  which  exists  in  any  manure ; 
though  as  regards  the  remainder  of  the  substance,  which  has  not  been 
acted  on  by  the  acid  used,  but  remains  in  the  original  condition  of 
neutral  phosphate,  it  is  a  useful  manure  in  the  case  of  the  Monk's  Island 
deposit,  and  still  more  so  in  the  case  of  bones,  but  it  is  entirely 
valueless  in  the  case  of  the  ordinary  coprolite,  wluch  is  the  source  of 
most  of  the  cheap  superphosphates  in  the  market.  The  tendency  of  the 
discussion  will  undoubtedly  tend  ultimately  to  bring  down  the  present 
high  price  charged  for  the  phospho-guano,  and  assimilate  it  more 
nearly  to  the  prices  charged  for  ordinary  superphosphate. 

The  imports  of  manuring  substances  during  the  past  year,  which 
have  been  lately  published,  show  a  considerable  increase  under  the 
head  of  bones  and  guano,  but  a  large  diminution  under  the  head  of 
nitres.     The  figures  are  as  follow : — 


Imports. 

1862. 

1863. 

Bones,  whether  burnt  or  not 

Giiano 

Saltpetre 

Cubic  nitre 

Tons. 

67.230 

141.636 

22.162 

39.716 

Tom. 
77.492    . 
233.574 
20.225 
26.990 

3.  We  come  now  to  such  facts  of  our  current  agricultural  history 
as  are  classed  under  the  general  subject  of  plant  growth.  Perhaps  the 
leading  fEtct  under  this  head  is  the  growing  conviction  that,  thanks  to 
manuring  and  sheep-feeding  on  our  light  soils,  and  to  drainage  and 
better  tillage  on  our  clays,  the  fertility  of  the  arable  lands  of  this  coun- 
try has  of  late  been  rapidly  advancing,  while  that  of  the  pasture  lands 
has  been  stationary.  In  Gloucestershire  a  recent  inquiry,  helped  by 
the  records  of  a  Cotswold  farm  which  had  been  kept  for  nearly  a 
hundred  years,  led  clearly  to  this  conclusion.  Wheat  had  on  that  farm 
doubled  its  produce  per  acre  since  the  latter  part  of  last  century ; 
barley  and  oats  had  not  increased  correspondingly ;  but  green  crops 


1864.]  AgricuUwe.  313 

had  largely  mcreased  in  prpdactiyeness,  and  a  mnch  larger  quantity 
of  meat  is  now  made  per  acre  than  formerly.  And  this  was  found  to 
contrast  most  glaringly  with  the  condition  of  the  dairy  districts  of  the 
same  county  which  do  not  now  keep  more  stock,  or  yield  more  cheese, 
and  butter,  and  bacon,  than  they  used  to  do  thirty  years  ago. 

Another  hxit  of  some  interest  under  this  head,  is  the  extension  of 
the  growth  of  flax  during  the  past  year.  In  Ireland,  the  following  has 
been  the  acreage  of  this  crop  during  some  past  years : — 


Acres  of  Flax    • 


1860. 


1861.         I         1862. 


128,444 


147;866 


150,312 


1863. 


213,992 


The  promotion  of  flax  culture  in  England  is  creating  a  good  deal 
of  attention.  And  in  many  country  towns,  meetings  have  been  held 
for  the  establishment  of  flax  retteries,  which,  as  offering  a  market  for 
the  produce,  is  necessary  as  a  first  step  towards  the  extension  of  flax 
cultivation. 

The  subject  of  plant  improvement,  and  especially  that  of  our 
cereals,  has  been  a  good  deal  under  discussion  in  our  agricultural 
journals.  Mr.  Shirref^  of  Haddington,  to  whom  we  owe  many  of  our 
best  sorts  of  wheat  and  oats,  seems  to  consider  that  the  work  of  plant 
improvement  is  exclusively  natural,  and  that  all  that  we  can  do  is,  in 
effect,  to  keep  a  sharp  look-out,  and  whenever  we  see  in  any  natural 
sort  or  variety  the  qualities  we  want,  take  care  of  the  plant,  and 
multiply  it  as  fast  as  we  can. 

Mr.  Hallett,  of  Brighton,  on  the  other  hand,  who  advertises  at  such 
enormous  prices  what  he  calls  a  "  a  pedigree"  wheat,  believes  in  the 
power  of  improving  a  plant  by  cultivation.  He  chooses  a  promising 
ear  of  Wheat — pluits  all  the  seeds — takes  that  plant  of  the  series 
which  is  best — chooses  its  best  ear  — again  plants  all  Us  seeds— again 
chooses  the^best  plant,  best  ear,  and  best  seeid — and  after  a  series  of 
harvests  thus  obtained,  during  which,  as  he  alleges,  the  plants  and 
ears  have  annually  improved  upon  Ins  hands,  he  takes  the  ultimate 
produce  as  the  parents  of  the  grain  which  he  shall  offer  for  sale,  and 
multiplies  it  by  thin  seeding  and  careful  cultivation  as  fast  as  he  can 
— and  so  by-and-by  the  *'  Z  family,''  or  some  other  of  long  lineage,  is 
offered  to  Ihe  **  fedthfol,"  for  they  alone  will  venture  its  price,  at  per- 
haps one  or  two  guineas  a  bushel  I 

There  is  probably  less  difference  between  these  gentlemen  than  they 
admit.  Both  select  the  best  natural  origin  they  can  find — both  are 
confident  that  the  progeny  will  be  like  the  parent — ^both  believe  in  the 
fixity  of  character  of  the  resultant  grain ;  the  one,  however,  thinking 
that  the  character  is  fixed  in  the  origin,  and  the  other,  that  it  is  fixed 
in  the  successive  annual  growths  of  the  sort  in  question. 

Neither  will  deny  the  immense  folly  of  carelessness  in  the  selection 
of  our  seed — and  both  may  well  wonder  at  farmers  who  when  they 
want  a  good  Cabbage,  Mangold,  or  Turnip,  take  care  to  choose  a  good 
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plant  as  the  parent  of  the  seed  they  use,  yet  the  moment  they 
approach  the  cereals,  at  once  neglect  the  principle  which  in  the  other 
case  they  know  to  be  efficient  and  correct. 

A  good  deal  of  excitement  has  prevailed  in  Ireland  and  elsewhere, 
owing  to  an  unusual  liability  on  the  part  of  the  Swedish  turnip  to 
degenerate  into  a  Eape-like  plant,  sending  all  its  growth  into  leaf  and 
stem  and  refusing  to  form  a  bulb.  An  action  against  the  seedsman 
for  damages,  on  the  plea  that  the  seed  was  at  fault,  resulted  in  a 
verdict  for  the  defendant,  the  jury  being  unable  to  resist  the  evidence 
of  the  mischief  being  due  to  other  causes.  It  appears  that  the 
circumstances  of  the  soil  may  so  differ  in  the  same  field  that  rows  of 
plants,  from  seed  sown  out  of  the  same  seed-box  from  end  to  end 
across  it,  shall  in  some  places  exhibit  uniformly  good  bulbs  and 
elsewhere  nothing  but  leaf  and  stem.  It  appears  to  us  that  even  here 
a  good  deal  of  responsibiHty  rests  with  the  seedman,  and  seed  grown 
from  successive  generations  of  well-selected  plants  would  have  that 
power  of  resisting  the  mischievous  influence  of  circumstances  and  of 
producing  good  bulbs  in  spite  of  them,  according  to  a  long-continued 
habitude  and  bent^  which  Swede  seed  grown  at  hap-hazard  is  found 
to  want. 

Seed-time  calls  to  our  remembrance  the  invention  of  Mr.  Smith's 
(of  Woolston)  capital  combined  seed  drill  and  cultivator  for  draught 
by  steam  power.  It  is  being  extensively  used  this  spring  and  will  no 
doubt  come  largely  into  operation  as  a  most  efficient  tool  for  sowing 
wheat  upon  a  clean  bean  stubble,  and  even  occasionally  for  planting 
beans  upon  a  clean  wheat  stubble — certainly  for  sowing  barley  after 
the  sheepfold — at  one  operation.  It  is  the  latest  illustration  that  we 
have  of  the  way  in  which  steam  power  is  applicable  both  to  the 
economizing  of  fiaim  labour  and  to  the  increase  of  its  efficiency. 

The  character  of  the  wonderful  harvest  with  which  England  was 
last  year  blest,  appears  from  the  following  classification  of  the  reports 
regarding  it  from  all  parts  of  the  country  which  have  been  published 
by  the  '  Mark  Lane  Express.'  It  will  be  seen  what  an  immense  pre- 
ponderance of  the  reports  regarding  the  wheat  crop  declare  it  to  have 
been  over  average. 


Rkposxs. 

Wheat. 

Barley. 

Oata. 

Under  aven^     •     • 
Average    .... 
Over  average  .     .     . 

5 

96 

523 

55 

245 

•     261 

65 
268 
200 

4.  We  have  now  to  refer  to  points  connected  with  the  meat  manu- 
facture. The  high  price  of  beef,  mutton,  and  wool  have  aU  tended  to 
promote  in  a  wonderfal  degree  the  extension  of  the  practice  of  high 
feeding,  which  has  of  late  years  enormously  grown.  No  great  increase  of 
the  imports  of  oilcakes,  on  which  the  chief  dependence  has  been  hitherto 
placed,  seems  from  the  following  figures  to  be  possible. 
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The  following  are  the  imports  of  Linseed  and  of  Linseed  cakes 
during  the  past  six  years : — 


• 

1858.             1869. 

I860. 

1861. 

1862. 

1863. 

Lmseed     •     •  qn. 
Oil  cakes  .     .  tonR 

1,017,844 1.270,911 
80,629      95,208 

1,330,623 
108,826 

1,160.270 
113,725 

1.088,472 
101,156 

1,104,578 
88,566 

On  the  other  hand  there  is  a  growing  oonyiction  of  the  extent  of 
fraud  by  adulteration,  to  which  the  purchaser  of  these  cakes  is  liable. 
The  consequence  is  a  probably  unprecedented  consumption  of  home- 
grown grain ;  and  to  this  the  low  prices  of  barley  and  of  wheat  have  no 
doubt  contributed.  Wheneyer  the  price  of  grain  or  whole  meal  is  one- 
eighth,  or  thereabouts,  that  of  meat,  it  is  profitable  to  use  it  as  food  for  fat- 
tening stock.  And  of  course  there  is  a  great  additional  advantage  besides 
the  mere  sale  at  a  good  price  of  inferior  grain  which  is  derived  from  this 
method  of  their  disposal.  The  enrichment  of  the  manure  which  is  thus 
affected  is  an  additional  profit  of  great  value.  To  how  large  an  extent 
this  is  made  use  of,  let  the  following  example  suffice  to  show.  It  relates 
to  a  farm  on  the  edge  of  Woking  Common,  over  which  we  lately  walked, 
where  the  soil  is  naturally  extremely  poor,  but  made  wonderfully  pro- 
ductive by  a  large  consumption  of  purchased  food  for  fattening  stock. 
On  about  500  acres  of  this  poor  sandy  land,  close  on  the  edge  of  what 
may  be  called  the  dreariest  waste  in  the  ishmd,  a  herd  of  50  to  70  cows 
is  milked  for  the  London  market ;  a  dry  flock  of  Hampshire  Downs, 
varying  from  200  to  400  head,  is  fed ;  and  hogs,  ranging  in  number 
from  1,500  to  2,000  per  annum,  are  fiittened  up  to  10  or  12  scores  a 
piece.  All  this  is  done  so  long  as  meat  and  bacon  are  at  ordinary  prices, 
with  a  small  profit ;  but  the  principal  advantage  no  doubt  is,  that  the 
naturally  poor  soil  of  the  farm  is  thus  made  capable  of  growing  5 
quarters  of  wheat,  5  or  6  of  barley,  and  30  to  40  tons  of  mangold-wur- 
zel  per  acre.  The  swine,  bought  at  5  to  7  score  a  piece,  are  kept  till 
10  or  12,  making  meat  at  the  rate  of  rather  more  than  1  lb.  a  day,  and 
receiving  half  a  peck  of  meal  daily  upon  an  average,  viz.  one-half  barley 
meal,  and  the  rest  wheat,  Lidian  com,  lentils,  peas,  beans,  buck-wheat, 
or  whatever  else  is  cheapest. 

Of  course,  with  such  a  great  quantity  of  stock  to  feed,  purchases  of 
food  are  very  large ;  500  up  to  1,000  bushels  of  grain  are  used  weekly  ; 
and  the  annual  return  of  meat — 12,000  lbs.  of  mutton,  150,000  lbs.  of 
bacon,  and  about  40,000  gallons  of  milk--equal  in  all  to  200,000  lbs. 
of  meat  per  a-TiTnim — amounts  to  a  manufacture  of  400  lbs.  of  meat  per 
acre— which  is,  we  believe,  quite  unparalleled. 

The  effect  is  seen  in  the  high  artificial  fertility  of  this  naturally 
poor  land.  The  large  quantity  of  rich  manure,  deep  cultivation,  and 
sheep-treading,  are  the  three  agencies  employed,  and  their  success, 
unaided,  as  in  other  pure  sandy  districts,  by  any  possibility  of  marl- 
ing or  claying  the  land,  has  been  unequivocal.  No  contrast  is  so 
great  as  that  existing  between  the  luxuriant  growth  of  the  fields  on  the 
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Hoebridge  Farm,  near  Woking,  and  the  utter  worthleBsnees  of  the  waste 
close  by. 

The  principal  point  of  recent  interest,  however,  under  our  present 
head,  during  the  present  quarter,  undoubtedly  has  been  the  introduction 
by  the  Goyemment  of  the  Bill  for  permitting  the  use  of  malt,  fi^  of 
duty,  as  food  for  sheep  and  cattle.  Whatever  the  satisfaction  with 
reference  to  this  measure  may  be,  taking  it  in  some  degree  to  indicate 
that  the  Government  may  hereafter  be  willing  to  reconsider  the  whole 
subject  of  the  malt  tax,  there  can  be  little  doubt  nevertheless  that  it  is 
in  the  meantime  an  utterly  worthless  concession  to  the  agricultural 
interest.  There  are  cheaper  foods  already  at  our  command  than  ever 
malt,  duty  free,  will  be — and  the  mixture  of  the  malt  with  linseed  meal, 
which  is  one  of  the  safeguards  which  the  Bill  provides  against  those 
frauds  against  the  revenue  which  it  will  facilitate,  is  no  improvement 
of  the  material  for  use  in  either  feeding-stall  or  sheep-fold. 

6.  The  value  of  pure-bred  stock  in  the  market,  which  indicates 
their  intrinsic  merits  in  the  eye  of  judges,  has  lately  received  a  singular 
illustration  in  high  prices  realized  at  the  sales  at  Towneley  and  at 
Sarsden  of  the  short-horn  herds  which  have  grown  up  under  the  manage- 
ment of  Colonel  Towneley  and  the  late  Mr.  Langston,  M.P.,  respectiv^y. 
The  success  of  the  former  herd  especially,  which  has  been  in  existence 
only  during  the  past  fifteen  years,  has  been  extraordinary.  During 
that  time  more  than  2,000/.  have  been  won  as  prizes,  besides  22  cups, 
2  "  challenge  "  cups,  26  gold  medals,  and  more  than  10  others  of  silver 
and  bronze. 

The  only  other  point  to  be  noticed  in  our  present  agricultural 
chronicle,  is  the  excitement  which  prevails  on  the  subject  of  contagious 
disease  amongst  our  live-stock.  Notwithstanding  that  the  mischief  is 
in  all  probability  exaggerated,  yet  it  is  bad  enough  to  justify  a  certain 
amount  of  interference  and  supervision  by  the  Government ;  and  a 
measure  has  accordingly  been  introduced  into  Parliament  forbidding 
the  turning  out  of  stock  afflicted  with  certain  specified  contagious 
diseases  into  public  places ;  enabling  the  Secretary  of  State  to  forbid, 
if  necessary,  tiie  removal  of  cattle  or  sheep  from  any  infected  district ; 
and  requiring  all  carriers  to  provide  cleaned  carriages  for  the  convey- 
ance of  stock,  &c.  This,  with  another  measure  dealing  in  a  similar 
spirit  with  imported  live-stock,  has  been  referred  to  a  select  Com- 
mittee of  the  House  of  Commons. 

It  appears  that  we  have  8,000,000  of  cattle,  40,000,000  of  sheep, 
and  4,300,000  pigs  in  the  United  Kingdom,  and  that  the  annual  mor- 
tality by  disease  is  5  per  cent,  of  the  cattle,  4  per  cent,  of  the  sheep, 
and  in  Ireland  10  per  cent,  of  the  pigs.  The  total  value  of  live-stock 
destroyed  by  disease  last  year  is  thus  believed  to  have  been  6,120,000Z. 
In  addition  to  this  their  owners  had  to  suffer  the  loss  of  condition  in 
the  animals  which  have  recovered,  and  the  general  public  undoubtedly 
suffer  considerably  from  the  consumption  of  the  meat  of  animals 
slaughtered  when  in  a  diseased  condition.  These  appear  to  be  suffi- 
ciently urgent  reasons  for  Government  interference. 
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n.  BOTANY  AND  VEGETABLE  PHYSIOLOGY. 

Tntf  prizes  ofifered  by  the  French  Academy  in  this  department  of 
science  call  attention  to  subjects  of  great  importance  in  vegetable 
physiology,  and  are  three  in  number ;  the'first  Bourdin  prize,  postponed 
from  1861  to  1866,  March  31st,  is  for  an  essay  to  determine  by  ana- 
tomical research,  if  there  exists  in  the  structure  of  the  stems  of  vege- 
tables the  characters  belonging  to  the  large  natural  families,  and  thus 
agreeing  with  those  deduced  from  the  organs  of  reproduction.  Any 
comparative  work  on  the  branches  and  stems  will  be  admitted  to  com- 
petition. Another  prize,  postponed  from  1860,  to  September  1, 1865, 
and  to  consist  of  a  gold  medal,  value  3,000  francs,  will  be  given  for 
the  determination  experimentally  of  the  causes  in  the  inequality  of 
absorption  by  different  vegetables  of  the  solutions  of  the  various  lands 
of  salt  which  the  earth  contains,  and  to  recognize  by  anatomical  study 
of  the  roots,  the  connection  which  may  exist  between  the  tissues  which 
constitute  them,  and  the  matter  which  they  absorb  or  give  out.  A 
prize,  also  standing  over  from  1859,  is  now  offered  for  1866  *'  for  the 
study  of  vessels  of  the  latex,  or  proper  juice,  of  vegetables,  considered 
in  a  double  aspect  from  their  distribution  in  the  different  organs  of 
plants,  and  particularly  their  affinities  and  connections  with  the  lymph- 
atic or  spiral  vessels,  as  well  as  with  the  fibres  of  the  plant." 

The  prizes  awarded  in  vegetable  physiology  at  the  annual  meeting  of 
the  Academy,  were,  first,  the  grand  prize  of  3,000  francs,  *^  to  discover 
what  the  changes  are  which  take  place  during  germination  in  the  consti- 
tution of  the  tissues  of  the  vegetable  embryo  and  perisperm,  and  in  the 
matter  which  these  tissues  contain."  Dr.  Arthur  Gris,  assistant-natur- 
alist to  the  Museum,  obtained  the  award.  The  Barbier  prize  was  equally 
divided  between  M.  Jules  Lep^re,  of  Pondicherry,  and  M.  Yeillard,  a 
naval  surgeon  ;  the  first  having  presented  a  paper  on  the  study  of  the 
different  medicaments  used  in  India,  and  comparisons  of  them  with 
those  which  our  European  plants  frimish ;  also,  researches  into  the 
Hydrocotyle  Asiatica,  and  its  use  in  medicine.  The  second  writer 
presented  a  work  relating  to  the  medicinal  and  alimentary  plants  in- 
digenous to  New  Caledonia,  throwing  light  upon  the  therapeutic  use 
of  vegetables  as  yet  but  little  known,  but  studied  in  two  most  impor- 
tant colonies,  by  oficers  attached  to  the  naval  medical  service  of 
France. 

A  prize  awarded  for  a  chemical  rather  than  for  a  botanical  subject 
may  be  alluded  to  here.  M.  Bouffe  received  1,500  francs  reward  for 
his  natural  green  (vert  nature),  a  mixture  of  picric  acid  and  Guignet*B 
chrome  green,  intended  to  replace  the  arsenical  greens,  so  much  sought 
after  on  account  of  their  beauty  and  brilliancy,  but  so  dangerous  to  the 
makers  of  artificial  flowers. 

While  upon  the  subject  of  prizes  we  may  mention  that  the  Boyal 
Horticultural  Society  of  London,  in  order  to  foster  the  study  of 
scientific  botany,  has  offered  the  following  prizes  for  botanical  col- 
lections : — 1.  One  silver  and  two  bronze  medals  for  the  three  best 
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collectioiis  of  dried  wild  plants  of  eacli  separate  coimty,  classified  ac- 
cording to  the  natural  system.  2.  Three  gold  medals  for  the  best 
three  of  all  the  collections  out  of  all  the  several  county  collections. 
These  collections  must  be  arranged  according  to  a  natural  method,  and 
be  accompanied  by  a  list  arranged  according  to  the  same  method,  Mth 
the  species  numbered.  The  collector  is  to  follow  some  work  on 
British  botany,  such  as  Babington,  Hooker  and  Amott,  or  Bentham, 
stating  the  work  adopted.  The  collections  must  be  deliyered  on  or 
before  81st  December,  1864,  to  the  Secretary  of  the  Boyal  Horticul- 
tural Society.  Further,  the  Society  will  present  a  gold  medal  to  every 
exhibitor  of  a  new  species  of  plant  found  growing  in  the  United  King- 
dom. We  need  hardly  point  out  that  these  regulations  o£Eer  an  excel- 
lent opportunity  to  the  members  of  the  various  Field  Naturalists'  Clubs 
which  are  scattered  throughout  the  kingdom,  and  we  anticipate  that 
the  stimulus  thus  publicly  offered  by  the  Royal  Horticultural  Society 
will  be  productive  of  the  most  beneficial  results. 

At  the  January  sitting  of  the  Academy  of  Sciences  of  Vienna,  M. 
Ettingshausen  exhibited  a  work  about  to  be  published  imder  the  title 
of '  Photographic  Album  of  the  Flora  of  Austria,  being  at  the  same 
time  a  Manual  of  Botany.'  This  is  the  first  time  that  the  photogra- 
phic reproduction  of  vegetables  has  been  attempted  as  a  new  and  im- 
portant means  of  botanical  instruction.  Hitherto  it  has  been  found 
impossible  to  obtain  good  photographs  of  plants,  the  images  being  black 
simple  sketches  without  shade,  on  account  of  the  green  colour  of  the 
objects.  Last  year,  the  author,  in  giving  an  account  of  the  recent 
progress  of  what  he  terms  atUophysiotypiey  communicated  to  the 
Academy  that  at  the  Imperial  Printing  Office  they  had  been  able  not 
only  to  obtain  good  photographs  of  plants,  but  also  to  engrave  them 
so  as  to  reproduce  them  by  printing.  The  work  above  alluded  to  is 
the  realization  of  this  beautiful  method.  It  embraces  a  complete 
selection  of  characteristic  species  of  all  the  families  of  the  Austrian 
fiora,  and  interspersed  with  the  text  are  the  photographic  portraits  of 
hundreds  of  plants,  just  in  the  manner  of  woodcuts.  M.  Ettingshausen 
has  also  presented  a  memoir  on  the  nervation  of  ferns,  illustrated  by 
the  process  of  autophysiotifpie, 

Mr.  J.  Hill  of  Cambridge,  Mass.,  gives  an  account  of  some  obser- 
vations upon  the  compass  plant  (Silphium  laciniatum)  which  he  found 
growing  wild  near  Chicago,  last  autunm.  The  field  had  once  been 
ploughed,  and  sowed  with  Timothy  grass,  and  there  was  a  grove  a  few 
rods  to  the  east.  Notwithstanding  these  unfavourable  circumstances, 
he  took  a  rough  measurement  of  thirty  plants,  without  selection,  as 
follows : — ^Holding  a  card  over  each  plant  with  its  edge  parallel  to  the 
central  line  of  his  own  shadow,  he  marked  upon  tiie  card  a  short 
line  parallel  to  each  leaf  of  the  plant.  Measuring  afterwards  the  angle 
which  each  mark  made  with  the  edge  of  the  card,  and  subtracting  from 
each  angle  the  azimuth  of  the  sun  for  the  estimated  central  time  of  ob- 
servation, he  obtained  the  following  results.  Only  one  plant,  bearing 
four  old  leaves,  gave  an  average  angle  with  the  meridian  of  more  than 
34*"    Their  mean  was  18°  W.      The  remaining  twenty-nine  plants 
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bore  ninety-one  leaves,  whicli  made  with  the  meridian  the  following 
angles,  viz. —  Seven  made  angles  greater  than  85° ;  fifteen,  angles  be- 
tween 35""  and  20*" ;  sixteen,  angles  between  20**  and  8"* ;  twenty-eight, 
angles  between  8*"  and  1"* ;  and  twenty-five,  angles  less  than  1°.  Of  the 
sixty-nine  angles  less  than  20**,  the  mean  is  N.  33'  E.,  i.e.  about  half 
a  degree  east  of  the  meridian.  The  error  of  azimuth,  firom  want  of 
means  to  determine  the  time  accurately,  may  have  been  as  much  as 
three  times  this  quantity.  One  half  the  leaves  bore  within  about  half 
a  point  of  N.,  and  two-thirds  within  one  point.  The  magnetic  declina- 
tion was  about  6**  E.,  and  the  observations  were  made  when  the  sun 
was  about  on  the  magnetic  meridian. 

Henna  (Lawsonia  inermis),  a  plant  which  has  been  so  long  used  in 
Egypt  as  a  cosmetic  and  dye  stuff,  has  been  introduced  into  com- 
merce by  MM.  Gillet  and  Tabourin,  of  Lyons.  According  to  the 
*  Coloriste  Industriel,'  the  researches  of  these  chemists  show  that  the 
active  colouring  principle  is  nothing  more  than  a  peculiar  kind  of 
tannic  acid,  which  they  propose  to  call  kennatannic  acid.  The  dried 
leaves  of  henna  contain  half  their  weight  of  this  substance.  The  plant 
is,  it  appears,  particularly  useful  for  imparting  to  silk  the  difierent 
shades  of  black,  the  colours  so  obtained  being  very  beautiful  and  per- 
manent. 

At  the  Academy  of  Sciences  of  Vienna  Dr.  de  Yiy  exhibited  some 
beautifully-crystallized  resin  of  the  upas  tree  (Antiaris  toxicaria),  also 
the  upas  poison  itself  in  a  ciystallizable  state.  He  regarded  the 
poison  as  a  Glyoosite,  that  did  not  act  upon  the  stomach  as  a  violent 
poison,  perhaps  not  as  a  poison  at  all,  and  possessed  poisonous  pro- 
.  perties  only  when  brought  into  immediate  contact  with  the  blood.  He 
had  convinced  himself  by  repeated  personal  experiment  that  the  stories 
of  the  poisonous  atmosphere  of  the  upas  tree  are  fabulous. 

Further  investigations  into  the  milk  vessels  of  Leontodon  (the  com- 
mon dandelion)  by  Dr.  August  Yogt,  of  Vienna,  show  that  tiie  inter- 
cellular substance  occurring  in  the  root  consists  chiefly  of  pectose,  the 
same  substance  which  occurs  in  unripe  fruits,  and  in  turnips  and  car- 
rots ;  so  that  it  is  not  a  secretion,  but  a  product  of  conversion  of  the  cel- 
lulose of  the  cell-membranes,  of  a  chemical  nature.  The  milk  vessels 
occurring  in  the  dandelion  are  amongst  the  most  ramified  which  occur 
anywhere  in  plan^  springing  from  main  stemfl,  then  ramifying  and 
forming  ultimately  large  reticulated  systems  around  the  woody  nucleus. 
On  examining  into  their  origin,  it  appears  that  their  main  stems  are 
produced  by  the  amalgamation  of  the  so-called  conducting  cells 
which  accompany  the  bundles  of  milk  vessels,  and  probably  constitute 
the  organ  for  conducting  back  the  juices  elaborated  in  the  leaves. 
This  ^sion  is  induced  by  the  conversion  into  pectose  of  the  mem- 
branes of  the  cells,  consisting  at  first  more  or  less  entirely  of  cellulose. 

Some  interesting  observations  have  been  made  by  Henrici  on  the 
functions  of  roots  in  supplying  watar  to  the  plant,  and  on  the  develop- 
ment under  certain  conations  of  special  roots  destined  for  this  pur- 
pose, to  explain  the  frequent  occurrence  of  plants  sending  roots  into 
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wells,  cisterns,  drain-pipes,  &c.,  where  they  exist  in  continual  contact 
with  a  body  of  water.  In  drain-pipes  the  roots  of  plants  usually  con- 
sidered to  be  free  from  aquatic  tendencies,  such  as  rape  (brassica), 
sometimes  accumulate  to  a  surprising  extent.  Henrici  surmised 
that  the  roots  which  most  cultivated  plants  send  down  deep  into  the 
soil,  even  when  the  soil  is  by  no  means  porous  or  inviting,  are  de- 
signed especially  to  bring  up  water  from  the  subsoil  for  the  use  of  the 
plant.  He  devised  an  experiment  for  the  purpose  of  establishing  the 
truth  of  these  views,  by  planting  a  young  raspberry  in  a  funnel  filled 
with  garden  soil,  the  neck  of  the  funnel  dipping  into  water  from  which 
it  was  separated  by  a  paper  filter.  Boots  penetrated  the  soil  and  the 
filter,  and  became  water-roots,  which  being  ultimately  cut  away,  and 
the  plant  put  into  soil  and  placed  in  a  conservatoiy  it  grew  vfgorously. 
Henrici  considers  that  he  has  proved  that  plants  extend  a  portion  of 
their  roots  into  the  subsoil,  chiefly  for  the  purpose  of  gathering  sup- 
plies of  water. 


IIL    CHEMISTBY. 


Cheuioal  science  has  made  steady  progress  during  the  past  quarter. 
Not  only  do  the  proceedings  of  the  various  learned  societies 
chronicled  in  these  pages,  the  Boyal,  Chemical,  and  Boyal  Institution, 
show  that  our  chief  workers  have  not  been  idle,  but  the  records  of 
progress  which  we  are  about  to  give,  are  also  evidence  of  important 
advancements  which  find  their  way  to  the  public  through  other 
channels  than  the  leading  societies. 

Deserving  perhaps  the  foremost  place,  stand  the  researches  of 
Professor  Graham,  Master  of  the  Mint,  on  the  Molecular  Mobility  of 
Grases.  The  researches  of  this  philosopher  on  liquid  di&sion  must 
be  fresh  in  the  memory  of  every  chemist,  resulting  as  they  did  in  the 
introduction  of  a  new  and  most  valuable  means  of  analysis  into  the 
laboratory.  The  present  investigations*  prove  that  the  same  laws 
which  he  has  already  shown  to  apply  to  liquids  in  their  passage 
through  porous  diaphragms,  likewise  influence  gaseous  bodies.  In 
researches  of  this  character  the  difficulty  has  been  to  find  a  porous 
body  whose  structure  was  sufficiently  compact  to  prevent  the  pas- 
sage of  the  gas  en  masse,  but  yet  to  permit  its  molecules  to  have 
free  movement.  Thin  plates  of  compressed  black-lead  have  at  last 
been  found  to  possess  the  desired  property,  and  by  employing  this 
material  as  the  porous  septum  in  the  diffusiometer  several  remarkable 
results  have  been  obtained.  Space  will  not  permit  us  to  give  even 
a  brief  abstract  of  the  whole  of  this  important  paper,  we  will,  there- 
fore, content  ourselves  with  drawing  attention  to  one  or  two  of  the 
most  striking  results.  The  separation  of  the  gases  of  the  atmo- 
sphere by  transmission  through  a  porous  material  has  a  peculiar 
interest,  although  from  the  nearness  of  the  densities  of  oxygen  and 

*  *  Philosophical  Transactions/  part  ii.  1863 ;  and  *  Philosophical  Magazine,' 
zxvi.  409. 
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nitrogen  no  great  separation  can  be  efEected  by  this  method;  the 
dififusiye  velocity  of  two  gases  being  inversely  as  the  square  roots 
of  their  densities,  nitrogen  exceeds  oxygen  in  activity  by  about 
6*7  per  cent.  By  experiment,  about  three-fourths  of  the  theoretical 
separation  was  actually  obtained,  and  other  experiments  were  then 
instituted,  with  a  view  of  ascertaining  what  would  be  the  effect  of 
other  porous  bodies,  such  as  stucco,  or  earthenware,  on  atmospheric 
gases,  and  the  result  shows  that  all  porous  masses,  however  loose 
their  texture,  will  have  some  effect  in  separating  mixed  gases,  moving 
through  them  under  pressure.  The  air  entering  a  room  by  perco- 
lation through  a  wall  of  brick,  or  a  coat  of  plaster,  will  thus  become 
richer  in  nitrogen,  in  a  certain  small  measure,  than  the  external 
atmosphere.  Where  such  a  small  difference  of  specific  gravities 
exists  the  separation  of  gases  is  a  severe  trial  to  the  powers  of  the 
atmolyser,  but  with  greater  disparities  of  density  the  separation  may 
become  very  considerable.  When  an  explosive  mixture  of  one 
volume  of  oxygen  and  two  volumes  of  hydrogen  are  transmitted,  the 
result  is  very  striking,  the  hydrogen  diminishes  from  66-66  to  9*3 
per  cent.,  and  the  gas  ceases  to  be  explosive,  a  lighted  taper  burning 
in  it  as  in  pure  oxygen.  In  other  experiments  on  the  diffusion  of 
carbonic  acid  into  air,  the  remarkable  result  was  discovered  that  in 
perfectly  still  air  its  molecules  spontaneously  alter  their  position, 
and  move  to  a  distance  of  haK  a  metre  in  any  direction  in  the  course 
of  five  or  six  minutes,  whilst  the  molecules  of  hydrogen  disperse 
themselves  to  the  distance  of  a  third  of  a  metre  in  a  single  minute. 
The  Professor  considers  that  such  a  molecular  movement  may  become 
an  agency  of  considerable  power  in  distributing  heat  throughout  the 
•atmosphere. 

The  new  element  CsBsium  has  been  the  subject  of  further  investiga- 
tion by  Bunsen  ;*  he  separates  it  from  Kubidium  by  converting  tiie 
two  metals  into  tartrates,  and  adding  a  suficient  excess  of  tartaric 
acid  to  convert  the  rubidium  into  bi-tartrate  whilst  the  caesium  salt 
remains  neutral.  The  mixture  is  then  exposed  in  a  funnel  to  an 
atmosphere  saturated  with  moisture,  when  the  neutral  caesium  salt 
deliquesces  and  runs  through,  while  the  acid  rubidium  salt  remains 
behind.  Bunsen  has  deduced,  from  caesium  compounds  so  purified, 
the  equivalent  132'99  ;  whilst  Johnson  and  Allen,  working  with  very 
much  larger  quantities  of  material  than  Bunsen  was  able  to  obtain, 
deduced  the  number  133*03.  These  fully  authorize  the  use  of  the 
round  number  133  as  expressing  the  combining  proportion  of  this 
element. 

The  very  rare  metal  Vanadium  is  likely  to  be  somewhat  more 
available  for  scientific  research,  if  not  for  practical  applications,  now 
that  Riley  f  has  found  it  to  occur  in  the  Wiltshire  oolitic  iron  ore  and 
in  the  pig-iron  smelted  from  it.  He  finds  that  this  pig-iron  will 
readily  ftmiish  any  quantity  of  vanadium  with  tolerable  facility ;  it 
appears  to  contain  more  vanadium  than  that  made  from  the  Taberg 

♦  Poggendorf '8  '  Annalen,*  cxix.  1. 
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ore  in  Sweden,  and  it  is  supposed  that  tliis  is  the  first  time  that  this 
metal  has  been  found  in  English  pig-iron. 

A  note  on  the  Quantitative  Determination  of  Sulphur  by  Dr.  D.  S. 
Price,*  deserves  notice,  as  it  draws  attention  to  a  source  of  error 
which  is  very  liable  to  be  overlooked  by  analysts.  He  finds  that 
the  ordinary  method  of  estimating  sulphur,  by  fusion  with  nitre  over 
gas,  is  liable  to  error  in  consequence  of  the  coal  gas  giving  sulphur  to 
the  contents  of  the  crucible.  Experiments  show  tiiat  nitre,  which 
before  fusion  was  free  from  sulphur,  contained  an  appreciable 
quantity  after  exposure  to  a  gas  fiame  for  three  quarters  of  an  hour. 

Perhaps  one  of  the  most  important  problems  in  analytical 
chemistry  is  to  obtain  the  reagents  of  that  exceptional  purity  which 
is  absolutely  necessary  in  many  researches.  In  toxicological 
inquiries  it  is,  of  course,  of  vital  importance  that  the  sulphuric  acid 
should  be  free  from  that  very  common  impurity  arsenic,  and  chemists 
will  on  this  account  be  glad  to  know  of  a  method  by  which  this  difficult 
problemn  can  be  solved.  The  method  of  distillation  as  ordinai*ily 
practised  is  of  no  value,  but  it  may  be  made  available  with  the  modi- 
fications introduced  by  MM.  Bussy  and  Buigne.  f  These  chemists 
have  shown  that  when  the  arsenic  exists  in  the  state  of  arsenious  acid 
it  distils  over,  but  when  it  is  present  as  arsenic  acid  the  whole  remains 
behind  in  the  retort.  Upon  boiling  the  suspected  acid  with  a  little 
nitric  acid,  or,  as  Maxwell  Lyte  proposes, |  by  adding  a  little  bichromate 
of  potash  and  then  distilling,  the  product  will  be  perfectly  firee  &om 
arsenic. 

A  new  pigment,  which  appears  likely  to  afford  a  ready  means  of 
preserving  iron  and  other  metals,  has  recently  been  introduced  in 
Paris  by  M.  Oudry,  of  the  Auteuil  electro-metallurgic  works.  Pure 
copper  is  first  precipitated  by  the  galvanic  process,  and  it  is  then 
reduced  to  an  impalpable  powder.  This  powder  is  then  mixed  with 
a  preparation  of  spirit  and  used  as  ordinary  paint.  The  articles 
coated  in  this  way  have  all  the  appearance  of  electro-bronze,  while  the 
cost  is  less  than  one-sixth ;  it  is  likely  to  last  from  eight  to  ten  years, 
and  beautiful  effects  are  produced  by  means  of  a  dressing  of  acidified 
solutions  and  pure  copper  powder. 

A  patent  has  recently  been  entered  by  M.  Clavel  for  modifying  the 
beautiful  blue  dyes  obtained  from  ooel  tar,  so  as  to  render  them 
soluble  in  water.  He  dissolves  the  dye  in  fuming  sulphuric  acid  and 
then  dilutes  the  solution  considerably,  passing  steam  in  at  the  same 
time.  The  colouring  matter  is  then  precipitated  in  flocculi  by  the 
addition  of  common  salt ;  upon  washing  the  salt  out,  the  dye  remains 
perfectly  soluble  in  water.  Whilst  speaking  of  these  aniline  dyes  we 
may  mention  with  pleasure  that  the  parent  to  whom  they  all  owe  their 
origin.  Dr.  Hofmann,  has  been  honoured  by  the  Jecker  Prize  of  5,000 
francs,  given  by  the  Paris  Academy  of  Sciences,  for  his  researches  on 
artificial  organic  alkalies. 

♦  'Chemical  News,*  viii.  285. 
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In  these  days  of  falsification  it  may  be  of  some  interest  to  give  a 
simple  test  for  artificiallj-ooloured  wines,  which  we  owe  to  Blmne. 
He  saturates  a  piece  of  bread  crumb  with  the  wine  to  be  tested  and 
places  it  in  a  plate  full  of  water.  If  the  wine  is  artificially  coloured, 
the  water  very  soon  becomes  reddish  yiolet,  but  if  the  colouring 
matter  is  natural,  the  water,  after  a  quarter  or  haK  an  hour,  is  but  very 
little  coloured,  and  a  slight  opalescence  only  is  perceptible. 

From  its  ready  liberation  of  sulphurous  add,  hyposulphite  of  soda 
is  likely  to  become  a  valuable  bleaching  agent ;  M.  Artus  has  applied 
it  yery  successfully  to  the  bleaching  of  sponges.  He  first  washes 
them  in  a  weak  solution  of  caustic  soda,  and  then,  after  thorough 
rinsing  with  water,  transfers  them  to  a  weak  mixture  of  hyposulphite 
of  soda  and  dilute  hydrochloric  acid.  In  a  short  time  tiie  sponges 
become  nearly  white,  without  haying  their  valuable  qualities  injured  in 
the  least ;  they  are  then  to  be  taken  out  and  well  washed. 

The  Calabar  bean  has  been  well  investigated  physiologically  in 
this  country,  but  the  alkaloid,  to  which  it  owes  its  wonderful  property 
of  contractmg  the  pupil  of  the  eye,  has  only  very  recently  been  isolated 
by  MM.  Jobst  and  Hesse ;  *  they  have  given  it  the  name  of  Phyto- 
stigmine,  and  as  yet  have  only  found  it  in  the  cotyledon.  It  is  a 
brownish-yellow  amorphous  mass,  easily  soluble  in  ether,  alcohol,  and 
benzol,  and  slightly  soluble  in  cold  water.  Its  aqueous  solution  has 
a  decidedly  alkaline  reaction.  It  produces  very  strong  contraction  of 
the  pupil,  and  one  curious  fact  observed,  is  that  the  poison  produces 
contraction  of  the  pupil  when  applied  to  recently-dead  animals.  Now 
that  Calabar  bean  is  so  extensively  used  by  ophthalmic  surgeons,  the 
isolation  of  its  active  principle  cannot  fail  to  be  of  value. 

Poison  bottles  and  poison  corks,  poison  caps  and  poison  stoppers, 
have  all  successively  been  tried,  with  tiie  object  of  preventing  careless 
or  sleepy  nurses  from  giving  medicines  out  of  the  wrong  bottles  and 
thereby  poisoning  their  patients  ;  but  they  are  all  open  to  the  objec- 
tion that  when  the  liquid  for  which  they  have  been  originally  used  is 
exhausted,  the  very  nice-looking  bottle  is  generally  replenidbed  with 
eau  de  cologne,  tincture  of  senna,  or  such-like  innocent  compounds,  and 
the  object  of  having  a  peculiarly-contrived  bottle  is  thereby  defeated. 
Perhaps  the  most  unobjectionable  of  all  these  attempts  to  substitute 
a  mechanical  contrivance  for  ordinary  caution  and  common  sense,  has 
been  recently  brought  forward  by  Mr.  Thonger  before  the  Phar- 
maceutical Society.  It  consists  of  a  patent  label  having  a  border  of 
sand-paper  round  it,  thus  appealing  strongly  to  the  sense  of  touch, 
which  it  is  presumed  will  warn  the  holder  iSi&t  danger  is  near.  These 
labels  are  applicable  to  dispensing  bottles  and  to  tibe  smallest  phials, 
and  possess  an  advantage  over  any  other  contrivance,  as  they  can 
be  stuck  on  any  vessel,  and  as  readily  removed  when  the  poisonous 
contents  are  done  with  and  the  bottle  is  required  for  something  else. 

The  Society  of  Medical  Sciences  of  Brussels  some  time  ago  offered 
a  prize  for  the  discovery  of  a  substitute  for  the  Cinchona  alkaloids. 

*  '  Annalen  der  Chem.  und  Pharm.'  oxziz.  115. 
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The  silver  medal  has  recently  been  awarded  to  Dr.  Leriche  for  his 
memoir  on  the  Employment  of  Tannin  as  a  substitate  for  Cinchona. 
He  arrives  at  the  conclusion  that  pure  tannic  acid  is  an  excellent 
antiperiodic,  and  possesses  real  efficacy  in  the  treatment  of  all 
intermittent  fevers  of  a  simple  quotidian  type.  Now  that  we  are 
threatened  by  some  alarmists  with  a  Quinine  famine,  the  discovery  of 
anything  which  can  be  used  to  supplement,  or  replace,  this  invaluable 
drug  is  of  the  very  highest  importance. 


IV.    GEOLOGY  AND  PAL.M)NTOLOGy. 

The  past  quarter  has  not  been  unmarked  by  some  important  attempts 
at  progress,  and  amongst  these  Professor  Frankland*s  effort  to  evolve  a 
Meteorological  theory  for  the  causation  of  the  Glacial  era  will,  whether 
accepted  by  geologists  or  not,  rank  as  one  of  the  best  towards  a 
solution  of  this  recent  and  remarkable  geological  period.  But  as  in 
mathematical  demonstrations  everything  depends  on  the  basis  taken, 
so  in  that  excellent  chemist's  hypothesis  the  correctness  of  his  con- 
clusions is  dependent  upon  the  establishment  of  the  assumptions  upon 
which  his  hypothesis  is  built — namely,  on  the  actual  existence  of  an 
internal  molten  core  within  our  earth,  and  the  gradual  cooling  down  of 
our  planet  from  an  original  incandescent  atate.  The  argument  Dr. 
Frankland  holds  is,  that  the  formation  of  glaciers  is  a  true  process  of 
distillation,  requiring  heat  as  much  as  cold  for  its  due  performance. 
The  produce  of  a  still  would  be  diminished,  not  increased,  by  an  abso- 
lute reduction  of  temperature,  and  it  is  a  wider  differentiation  of  tem- 
perature that  is  required  to  stimulate  its  operation  into  fuller  activity. 
The  great  natural  Glacial  apparatus  is  divisible  into  three  parts— the 
evaporator,  the  condenser,  and  the  receiver.  The  ocean  supplies  the 
vapour,  the  mountains  are  the  ice-bearers  or  receivers,  but  the  dry  air 
of  the  upper  region  of  the  atmosphere,  which  permits  the  free  radiation 
into  space  of  the  heat  from  aqueous  vapour,  is  the  true  condenser.  The 
sole  cause  of  the  phenomena  of  the  Glacial  period,  then,  Professor 
Frankland  believes,  was  a  higher  temperature  of  the  ocean  than  obtains 
at  present,  and  the  greater  differentiation  brought  about  by  the  differ- 
ence of  the  rates  of  cooling  of  the  water  of  the  sea  and  of  the  rock- 
masses  of  the  terrestrial  crust.  According  to  his  notions,  all  the  waters 
of  the  ocean  primarily  existed  in  the  atmosphere  as  vapour,  and  with 
the  gradual  cooling  of  the  earth  they  were  first  allowed  to  be  deposited 
upon  it  in  a  thermal  liquid  state,  and  subsequently  these  ocean-waters 
have  been  gradually  reduced  to  their  present  temperature — the  glacial 
phenomena  occurring  during  the  later  stages  of  this  cooling  operation. 
Those  effects  were  brought  about  chiefly  by  two  causes — the  high 
specific  heat  of  water  compared  with  granite  and  other  rocks,  and  the 
comparative  facility  with  which  radiant  heat  escapes  from  such  rocks 
through  moist  air.  The  amoimts  of  heat  associated  with  equal  weights 
of  water  and  granite  are  as  5  to  1,  or,  if  equal  volumes  be  taken,  water 
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requires  to  lose  twice  as  much  heat  as  granite  in  order  to  cool  through 
the  same  number  of  degrees.  But  in  regard  to  the  escape  of  radiant- 
heat  through  moist  air,  there  is  a  high  degree  of  difference  between  them. 
It  «eems  that  radiant  heat  will  not  pass  from,  a  given  substance  through 
the  vapour  of  that  substance  so  rapidly  as  it  mR  through  dry  air  or  a 
vaporous  medium  of  any  other  substance ;  and  just  as  the  vapour  of 
sodium  cuts  off  the  light  rays  of  sodium  in  the  spectrum,  so  the  vapour 
of  water  seemingly,  to  a  great  extent  at  least,  arrests  the  radiant-heat 
rays  emanating  from  water ;  and  thus,  while  there  is  free  radiation  from 
the  snow-capped  mountoins  into  the  dry  regions  of  the  upper  air,  the 
radiation  of  heat  from  the  sea  is  blocked  by  the  "  blanket "  of  aqueous 
vapour  which  rests  over  its  surface.  Whilst  then  the  ocean  in  the  Glacial 
era  retained  a  temperature  considerably  higher  than  at  present,  Dr. 
Frankland  considers  the  mountains  or  ice-bearers  had  undergone  con- 
siderably greater  refrigeration ;  and  thus  whilst  the  evaporation  of  the 
ocean,  receiving  heat  through  its  earth-floor  from  the  internal  molten 
core  of  our  planet,  was  in  much  greater  volume  than  now,  the  moun- 
tains were  not  very  different  from  their  present  state,  and  were  efficient 
ice-bearers  for  the  vapours  condensed  in  the  upper  atmosphere,  and 
falling  upon  them  as  snow,  which,  accumulating  in  vast  quantities, 
would  not  only  reduce  the  level  of  the  perpetual  snow-line,  but  refri- 
gerate also  climatal  conditions.  Not  content  with  this  earth  alone, 
Professor  Frankland  attempted,  though  not  very  successfully,  to  apply 
his  Glacial  hypotheses  to  the  moon,  seeking  there  for  traces  of  glsicial 
action.  Assuming  the  solid  mass  of  the  moon  to  have  contracted  in 
cooling  at  the  same  rate  as  granite,  its  refrigeration,  though  only  180" 
Fahr.,  would,  he  calculates,  create  a  cellular  space  within  its  crust  of 
upwards  of  14  millions  of  cubic  miles,  or  more  than  sufficient  to  engulf 
the  whole  of  the  lunar  oceans,  if  any  proportionate  to  the  seas  of  our 
own  earth  ever  existed  there.  His  final  conclusions  are,  that  a  liquid 
aqueous  ocean  can  only  exist  on  a  planet  so  long  as  the  latter  retains  a 
high  internal  temperature,  and  that  the  moon  becomes  in  this  respect 
a  prophetic  picture  of  the  ultimate  fate  of  our  earth,  '*  when,  deprived 
of  external  seas  and  all  but  an  annual  rotation  on  its  axis,  it  shall 
revolve  round  the  sun  an  arid  and  a  lifeless  wilderness."  The  hypo- 
thesis is  clever,  and  contains  germs  of  philosophy  and  truth,  but  we 
doubt  if  geologists  generally  will  accept  it,  at  least  in  its  totality. 

Although  the  intemal-heat  and  gradually-cooling  doctrines  are  pretty 
generally  accepted  as  theories,  and  not  as  still  unproven  hypotheses, 
these  topics,  with  the  Glacial  period  and  the  causes  of  earthquakes, 
still  seem  productive  of  a  kind  of  geological  nightmare,  which  dis- 
turbs and  terrifies  not  a  few  reflective  intellects.  The  Bev.  Professor 
Haughton  has  introduced  some  of  them  into  an  able  paper  before  the 
Geological  Society  of  Dublin — ^'  An  attempt  to  calcuUte  the  Duration 
of  Time  involved  in  Geological  Epochs."  Commenting  on  the  vague- 
ness of  idea  involved  in  the  "  long  periods  of  time  "  habitually  spoken 
of^  he  undertook,  as  a  point  of  interest,  to  estimate,  upon  the  basis  of 
a  gradual  cooling  down  of  our  globe,  for  how  long  a  time  it  has  been 
possible  for  auinialB  to  have  existed  on  it.  For  this  estimate  the 
basis  selected  was  Helmholtz's  deduction  from  the  experiments  on  the 
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cooling  of  basalt  by  Professor  Bischoff  of  Bonn — that  if  the  whole 
•globe  were  constituted  of  that  rock,  it  would  take  350  miUions  of  years 
.to  cool  from  2,000*"  to  200^  Centigrade.  If  the  earth,  then,  has  cooled 
down  from  a  gaseous  condition  to  its  present  consistence,  it  is  evident 
animals  could  not  have  existed  on  it  before  it  acquired  solidity.  Even 
after  this  it  is  difficult  to  believe  in  the  general  existence  of  life  at 
temperatures  above  that  at  which  albumen,  the  chief  ingredient  of 
flesh,  coagulates.  The  Professor  therefore  takes  a  range  from  this 
point,  122*'  Fahr.  to  77°  Fahr.  the  temperature  which  has  been  sug- 
gested for  our  island  in  the  London-Clay  period,  and  sufficiently  near 
to  Professor  Heer's  estimate  from  the  evidence  of  fossil  plants  of  72** 
for  Switzerland  in  the  Miocene  age  to  acquire  credibility.  Upon 
these  data.  Professor  Haughton  concludes  that  the  earth,  if  of  basalt, 
would  have  required  1,280  millions  of  years  to  become  cooled  through 
the  required  space  since  animal-life  was  possible  on  our  planet. 

Not  less  important,  although  to  some  extent  going  over  old  ground, 
is  the  admirable  analysis  M.  Paul  Grervais  has  made  of  the  evidence 
of  the  osseous  caverns  of  Languedoc  in  respect  to  the  antiquity  of  man. 
Much,  indeed  most,  of  this  evidence  has  been  long  before  the  world, 
but  the  treatment  it  has  now  received  is  more  scrutinizing  and  result- 
fal  than  any  hitherto  accorded  to  it.  The  first  documents  on  this  sub- 
ject are  those  of  M.  Toumal,  who  in  1827  noticed  the  association  of  the 
bones  of  man  with  those  of  extinct  species  of  animals  in  the  caverns 
of  Bize.  Two  years  after,  M.  Christol  published  his  notice  of  other 
fossil  human  bones  from  the  cavern  of  Pondres,  examined  by  himself 
and  M.  Dumas.  Cuvier  did  not  ignore  the  principal  facts  thus  brought 
forward,  but  he  never  regarded  them  as  sufficient  to  cause  him  to 
change  his  preconceived  opinion,  and  he  objected  to  them  that  they 
were  merely  cavern-remains,  and  not  found  in  regular  beds,  such  as 
those  which  contain  the  bones  of  elephants,  rhinoceroses,  the  great 
bears,  lions  and  hysenas ;  the  eminent  naturalist's  notion  being  that  in 
caverns  the  relics  of  various  ages  were  liable  to  intermixture  from 
natural  causes,  as  well  as  accidents,  and  that  the  objects  in  contiguous 
positions  might  therefore  be  of  very  different  dates.  M.  Gervais  now 
takes  the  follest  evidence  he  can  get  of  the  caves  of  Bize  and  Pondres, 
and  to  the  consideration  of  them  adds  new  feicts  obtained  from  those  of 
Eoque  and  Pontil.  The  cavern  of  Bize  is  chiefly  known  through  the 
long  memoir  of  M.  Marcel  de  Serres,  who  records,  besides  many  species 
Btill  found  in  the  district,  an  extinct  antelope,  A,  Christdiiy  and  four 
kinds  of  deer  equally  annihilated  and  distinct  from  any  described 
species — the  Cervua  Destremii^  C,  Eehoulii,  C,  Leufiroyi,  and  C.  Toumdlii. 
The  Aurochs  is  also  cited,  although  it  is  more  likely  the  remains  were 
those  of  Bo8  primigenius.  The  humerus  attributed  to  the  Arctic  bear  is 
probably  that  of  the  ordinary  bear  of  the  European  mountains,  as  M. 
Gervais  has  obtained  fragments  of  the  latter  from  Tour-de-Farges  and 
Alais.  The  Antelope  Christdii  did  not  differ  greatly  from  the  dbuunois. 
Two  portions  of  the  canons  of  a  chamois  in  M.  Gervais'  possession 
consist  of  only  the  digital  ends  and  a  very  short  portion  of  the  diaphy- 
sis,  from  whidi  he  concludes  that  these  bones  were  violently  broken, 
and  by  the  act  of  man — ^the  long  bones  cracked  by  the  primitive  men 
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for  the  sake  of  their  marrow  being  distingnishable  from  those  crushed 
by  animals,  even  when  they  occor  together  in  the  same  deposit.  M. 
Gervais  has  also  a  digital  extremity  of  the  posterior  canon  and  other 
similar  fragments  of  the  long  bones  of  Boa  primigeniua  separated  from 
their  middle  portions  by  violent  fracture,  evidently  accomplished  by 
the  hand  of  man.  By  referring  to  M.  de  Serres'  plates  in  conjunction 
with  specimens  recently  obtained,  this  able  paleeontologist  concludes 
that  the  majority  of  the  extinct  deer  referred  to  belong  to  the  Eein- 
deer,  and  remarks  that  they  exhibit  this  distinctive  feature,  that  the 
long  bones,  instead  of  being  entire,  as  they  are  in  such  caverns  aa 
those  of  Brengnes  which  were  not  inhabited  by  man,  have  at  Bize 
been  broken ;  so  that  if  the  men  of  the  Cave  period  had  not  domes- 
ticated these  animals,  they  at  least  made  use  of  their  carcases.  It 
may  not  be  superfluous  to  add  that  this  cavern  contains  the  debris 
of  primitive  pottery,  flint-knives,  and  implements  set  in  deer's  horn 
and  in  bone.  The  cavern  of  Pondres  also  contains  diluvian  animals 
— BhmoceroB  tichorkinu8y  ox,  cave-bear,  Felis  ^elcBa,  and  hysBua,  and 
has  often  been  quoted  in  support  of  the  high  antiquity  of  man  in 
Europe,  remains  of  his  skeleton,  his  flint  knives,  and  coarse  pottery 
or  charcoal  having  been  found  in  it.  These,  according  to  M.  Ger- 
vais, are  mixed  pell-mell  with  the  remains  of  the  extinct  animals^ 
whence  he  questions  whether  there  has  not  been  some  amount  of  inter- 
mingling. All  that  he  can  positively  assure  himself  of  is,  that 
the  bones  of  the  large  «nimft1n  have  not  been  broken  like  those  met 
with  in  caverns  which  have  served  as  habitations  for  the  primitive  in- 
habitants of  our  globe,  and  he  consequently  doubts  the  conclusions  of 
MM.  Christol  and  Dumas  as  to  the  contemporaneity,  in  this  instance, 
of  the  relics  of  the  fossil  mammals  and  those  of  man  with  whom 
they  are  associated.  In  respect  to  Limel-Viel,  M.  Gervais  thinks  it 
can  scarcely  be  cited  in  favour  of  the  contemporaneity  of  man  with 
the  extinct  diluvian  species,  as,  notwithstanding  the  restricted  extent 
of  the  caves  in  which  the  human  bones  have  been  found,  no  traces 
of  its  inhabitation  by  man,  nor  any  relics  of  works,  have  been  brought 
to  light.  He  considers,  therefore,  that  this  cavern  belongs  to  the 
class  of  those  which  M.  Steenstrup  regards  as  entirely  filled  before 
the  agency  of  man;  and  he  is  the  more  inclined  to  this  opinion, 
as  the  animal-bones  are  not  broken  by  human  methods,  but  are  merely 
crunched  by  the  teeth  of  camivora,  especially  hysBuas.  He  asks, 
hence,  whether,  as  a  general  rule,  we  may  not  conclude,  when  the 
marrow-bones  of  the  food-beasts  are  intact,  that  the  comminglings 
of  the  human  with  the  animal-remains  have  not  been  due  to  the  sub- 
sequent intervention  of  floods,  burials,  or  various  other  upstirrings 
of  the  deposits  in  which  such  comminglings  occur — an  opinion  con- 
firmed by  the  following  fiicts  from  the  cavern  of  Pontil: — Some 
years  since,  M.  Gervais  found  there  numerous  bones  of  extinct  species, 
as  at  Lunel-Viel  and  Pondres,  also  human  bones  and  some  industrial 
relics ;  the  former  belonging  to  a  primitive  epoch,  and  the  last,  more 
recent,  had  also  been  shown  to  him  as  coming  from  the  same  cavern. 
At  that  time  he  abstained  from  speaking  of  them,  not  having  suffi- 
(oently  reliable  particulars.    Now,  however,  he  is  better  qualified  to 
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do  BO.  M.  Chansse,  Gondactenr  of  Fonts  et  Cbanss^,  has  made 
excavations  at  Fontil,  and  forwarded  to  M.  Gervais  the  greater  part  of 
the  objects  of  human  origin  found  there,  with  particulars  of  their 
bedding  and  mode  of  preservation  compared  with  those  of  the  extinct 
animals  embedded  with  the  rhinoceros.  The  great  extinct  beasts, 
including  the  Boa  primigenius,  are  thus  shown  to  be  in  a  lower  bed 
than  those  deposits  which  have  yielded  the  bones  of  horse,  human 
debris,  and  the  remains  of  ancient  fires,  a  flint-knife  and  various 
instruments  made  of  deer's  horn  and  bone  exactly  like  those  of  the 
first  period  of  the  Swiss  Lake  dwellings  and  met  with  in  the  Ejokken- 
moddens  of  Denmark.  Moreover,  with  these  was  obtained  an  upper 
maxillary  of  a  young  Bo8  primigemu8,  corresponding  to  one  of  like  age 
from  Lunel-Yiel,  with  which  it  was  compared.  In  the  same  cavern  in 
the  uppermost  sediments,  were  the  tusks  of  the  wild  boar,  and  axes  of 
polished  stone,  such  as  are  considered  to  be  characteristic  of  the  Second 
Stone  Age  ;  and  further  manufactured  objects  indicative  of  the  Age  of 
Bronze,  have  also  been  obtained.  The  cavern  of  Boque  was  discovered 
by  Boutin,  and  the  bones  from  thence  were  some  years  since  shown  to 
M.  Grervais,  who  then  requested  search  to  be  made  for  worked  flints, 
of  which,  indeed,  a  considerable  quantity  has  subsequently  been  found 
associated  with  human  remains.  M.  Gervais  has  also  secured  a  meta- 
tarsal of  the  cave-bear.  The  broken  bones  in  this  cavern  belong  to 
deer,  common  ox,  and  to  an  animal  indicated  by  M.  Boutin  in  his 
notice  as  a  goat,  of  which  we  may  form  some  conception  by  supposing 
it  to  have  exceeded  the  dimensions  of  living  goats  as  much  as  the  Bob 
pr%migeniu8  exceeded  living  oxen.  M.  Gervais  provisionally  names  it 
the  Capra  primigenia,  M.  Grervais*  conclusions  from  the  above  fa^ts 
are,  that  the  first  appearance  of  man  in  the  districts  of  the  caverns  of 
Bize,  Saint-Pons,  Pondres,  and  La  Boque,  although  they  must  be 
assigned  to  a  period  prior  to  the  records  of  history,  cannot  yet  be 
admitted  to  have  been,  in  this  region  at  least,  contemporaneous  with 
the  existence  of  those  extinct  animals  to  which  Cuvier  made  allusion 
when  thirty  years  ago  he  repelled  the  statements  of  Toumal,  Ghristol, 
and  Marcel  de  Serres  as  to  the  simultaneous  entombment  of  men  and 
the  extinct  mammalia  in  these  caverns.  The  importance  of  the  dis- 
tinctions marking  the  particular  fetunas  which  have  disappeared,  and 
the  chronology  of  these  extinctions  become,  under  such  reasonings, 
topics  exceedingly  evident,  and  their  value  in  attempts  at  determining 
the  contemporaneousness  of  the  human  remains  and  relics  with  the 
other  objects  with  which  they  are  found  must  not  hereafter  be  over- 
looked. 

Li  the  Ck)lonies  the  study  of  G^logy  has  of  late  years  gained  many 
active  students,  and  we  are  glad  to  find  in  the  ^  Transactions  of  the 
Nova  Sootian  Listitute,'  only  very  recently  established.  Geological 
papers  of  considerable  merit.  Mr.  Belt's  remarks  on  some  recent 
movements  of  the  earth's  sur&oe  have  a  tone  of  interest  for  us  we 
could  scarcely  have  expected,  and  refer  much  to  the  mother-country 
and  its  continental  ofi^ioot — the  vast  island  of  the  Pacific  Ocean. 
The  subjects  that  formed  the  basis  of  his  paper  are  chiefly  the  raised 
beaches  on  the  shores  of  the  British  Channel,  described  by  Mr.  Godwin- 
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Austen,  in  the  '  Quarterly  Journal  of  the  Geological  Society,'  and  the 
rise  of  land  in  Australia.  It  is  easy  to  understand  how  corals  could 
build  up  in  the  course  of  time  great  masses  of  limestone,  the  dif&culty 
is  to  account  for  the  breaking  up  of  ancient  sea-bottoms,  and  their 
upheaval  above  the  level  of  the  ocean-surfeuse.  Now,  of  Australia,  it 
has  been  known  for  several  years  that  the  whole  coast  is  slowly  but 
surely  rising ;  and  in  the  southern  part,  the  railway  between  Adelaide 
and  the  port  is  said  to  have  risen  4  inches  in  12  months.  This 
elevation  is  participated  in  by  aU  the  neighbouring  islands ;  at  Green 
Island  in  Bass's  Strait,  and  in  Tasmania,  there  are  old  sea-beaches 
100  feet  above  high- water.  And  one  of  the  most  remarkable  and  sug- 
gestive facts  in  this  recent  elevation  is,  that  the  movement,  without 
tremblings,  quakings,  or  shocks,  is  so  rapid  that  bones  of  animals,  and 
pottery  thrown  out  of  the  first  emigrant  ships,  mixed  with  shingle  and 
sea-shells,  are  raised  above  the  reach  of  the  tide.  This  uprising  has 
progressed  to  the  extent  of  300  feet  since  the  present  moUusca  inhabited 
the  coast.  In  New  Zealand,  too,  the  land  is  being  jerked  up  as  it  is 
on  the  western  coast  of  America.  From  these  topics  Mr.  Belt  goes  to 
the  superficial  deposits  of  sand,  gravel,  and  day,  that  are  spread  over 
the  greater  part  of  Great  Britain ;  the  evidence  afforded  by  which  seems 
to  indicate  in  some  places  upheavals,  in  others  depressions.  Con- 
vinced that  some  general  law  must  govern  these  movements,  Mr.  Belt 
has  collected  and  collated,  from  various  sources,  sections  of  deposits 
from  dififerent  parts  of  England  and  Scotland ;  and  to  render  the  move- 
ments more  intelligible,  has  depicted  them  by  means  of  curved  lines,  in 
a  similar  manner  to  those  used  by  meteorologists  to  indicate  the  fluc- 
tuations of  the  barometer.  Movements  of  the  earth's  surface  are  in  this 
way  depicted  from  examples  taken  from  the  most  southern  part  of 
England,  and  from  the  other  extremity  of  the  island,  350  miles  apart, 
and  for  the  purpose  of  showing  how  general  these  movements  have  been 
another  diagram  is  given  of  the  (Ganges  of  level  in  Nova  Scotia  in 
recent  geological  times,  and  another  of  a  portion  of  North  America, 
when  the  land  stood,  at  one  time  at  least,  500  feet  higher  than  it  does 
now.  These  few  widely-separated  examples  are  suficient  to  prove 
what  was  well  known  before,  the  general  instability  of  the  earth's 
crust,  but  the  diagrammatic  method  of  showing  these  elevations  is 
very  suggestive  of  the  utility  of  symbolizing  earth-movements  in  this 
way  for  comparison. 

The  western  coast  of  the  Peloponnesus  is  a  region  little  known  to 
geologists,  and  every  detail  from  thence  is  consequently  valuable.  We 
are  glad,  therefore,  to  see  that  an  interesting  sketch  by  Dr.  Weiss,  the 
Professor  of  the  University  of  Lemberg,  in  GaUicia,  of  a  journey  made 
by  him  in  that  district,  has  been  laid  before  the  Imperial  Institute  of 
Vienna.  He  notices  many  very  productive  localities  for  Tertiary  fossils, 
which,  by  a  proper  exploration,  he  thinks  would  lead  to  very  interesting 
results— although  the  fossils  are  abundant,  the  Doctor,  in  consequence 
of  the  wretched  social  condition  of  the  country,  made  but  a  scanty 
collection,  and  is  unable  to  give  even  an  approximately  full  account  of 
its  physical  aspect.  From  the  town  of  Zante  the  view  extends  over 
the  Bay  of  Gastuui  to  Eatakolo,  the  highest  point  of  which  is  marked 
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by  the  walls  of  Pondiko-Kastron.  Towards  Arcadia  the  coast  flattens, 
and  opens  an  unintermpted  panorama  of  the  hill-plateau  of  the  Morea, 
terminating  on  the  nordi  in  the  peaks  of  the  Cyllenic  mountains,  and 
on  the  south  by  the  rocky  portions  of  the  Taygetos.  The  Cape  con- 
sists of  a  coarse-grained  marine  limestone,  of  Upper  Pliocene  age,  in 
many  places  exhibiting  the  old  borings  of  molluscs,  and  overlaid  by 
deposits  of  sand  and  marl,  which  cover  the  undulating  ground  for  miles 
along  the  sea-shore,  and  up  to  the  base  of  the  mountains  in  the 
interior.  The  stone-marl  around  Pyrgos  abounds  in  Ostrea  lameUoBa^ 
and  in  the  limestone  and  sandstone  are  species  of  Gardiia,  with  Gardium 
edule,  TurriteUa  commtmia,  Venus  mtdtUameUa,  and  Scaiaria  pseudo^ 
ecalarie.  Pyrgos  itself  stands  on  a  colossal  oyster-bank,  portions  of 
which  are  exposed  to  the  eye  in  many  parts  of  the  town.  It  is  over- 
laid by  a  thick  stratum  of  marl,  in  which  but  very  few  fossil  remains 
are  to  be  found.  Dr.  Weiss's  sketch  is  principally  a  description  of  the 
routes  taken,  and  will  be  a  useful  guide  to  future  explorers  of  this 
unworked  region. 

Dr.  Carte  has  recorded  the  discovery  of  bones  of  the  Polar  bear 
in  Lough  Gnr,  county  Limerick.  Li  the  paper  before  the  Dublin 
Geological  Society,  in  which  he  has  described  them,  he  comments  on 
the  extreme  abruptness  with  which,  in  the  newer  formations,  mammalian 
forms  have  appeared  in  abundance,  contrasting  in  this  respect  with  the 
gradual  appearance  of  the  lower  forms  of  life  in  the  older  strata. 

The  second  part  of  the  excellent  monograph  of  Eissoidea,  by 
MM.  Gustav  Schwartz  and  Mohrenstem,  of  Vienna,  contains  the  genus 
Rissoa,  illustrated  by  four  fine  lithographic  plates.  The  author  gives 
in  a  diagrammatic  form  the  relationi^ps  of  the  recent  and  fossil 
species,  referring  the  30  recent  species  to  11  items  in  the  Pleistocene 
age,  these  again  to  6  in  the  Pliocene,  these  to  4  in  the  Miocene,  2  in 
the  Oligocene,  and  finally  to  one  derivative,  the  Bisaoa  nana  in 
the  Eocene. 

Mr.  S.  Y.  Wood,  jun.,  has  published  an  admirable  article  on  the 
Bed  Crag  and  its  relation  to  the  Fluvio-marine  Crag,  and  the  Drift  of 
the  Eastern  Counties.  From  the  result  of  his  survey  he  comes  to  the 
conclusion,  that  in  the  Bed  Crag,  once  regarded  as  of  Miocene  age, 
we  have  the  initiatory  stage  in  England  of  that  series  of  events  which, 
known  under  the  term  '^  Drift,"  began  by  the  encroachment  upon  the 
land  of  England  of  a  bay  of  the  Northern  Ocean,  and  which  encroach- 
ment afterwards  extendi  over  the  area  of  the  Eastern  Counties,  and 
ultimately  involved  the  submergence  of  that  still  more  extensive  area 
now  covered  with  the  ice-borne  detritus  and  clay  of  the  northern  Drift. 

There  is  often  more  information  to  be  got  from,  as  there  is  cer- 
tainly less  trouble  in  reading,  a  pamphlet  of  a  single  sheet.  Li 
England  we  have  had  Professor  Ilamsay  strenuously  contesting  for  the 
ice-scooped  origin  of  the  Swiss  lakes,  and  the  eloquent  Buskin  as 
enthusiastically  defending  the  powers  of  weather  and  water  upon,  and 
the  effects  of  molecular  motion  within,  the  rocks.  The  learned  pro- 
fessor of  Berne,  M.  Studer,  now  appears  before  the  world  in  a  brochure 
of  16  pages,  which  he  opens  with  the  admission,  that  '*  in  the  origin 
of  the  Swiss  Lakes  we  have  a  problem  difficult  to  resolve,"  and  of 
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which  it  is  hard  to  assign  precisely  the  date  in  the  series  of  geological 
events.     On  the  one  hand  we  have  Buch,  Hoffiuan,  and  Ball,  folly 
persuaded  that  the  same  causes  which  elevated  the  Swiss  mountains 
produced  the  depressions  which  separate  them.     They  think  that  the 
elevation  was  accompanied  by  crevasses  more  or  less  profound,  which 
have  formed  the  valleys,  and  that  in  the  interior  there  exist  other 
cavities,  the  roo&  of  which  will  be  subsequently  broken  in — the 
present  lakes  being  the  remains  of  such  cavities  or  founderings  which 
have  not  yet  been  filled  up  by  the  silt  brought  down  by  the  rivers. 
On  the  otiier  hand,  the  disciples  of  Buffon,  Playfair,  and  the  Werner 
school,  attribute  the  valleys  and  water-basins  to  erosion,  or  the  destruc- 
tive action  of  fluids  in  motion.     The  latter  class,  as  we  have  already 
noticed,  are  split  into  two  parties,  and  disagree  as  to  the  nature  of  the 
erosive  medium — the  one  following  their  ancient  masters,  look  to  the 
currents  of  the  sea,  rivers,  and  torrents ;  the  others,  amongst  whom  are 
some  of  our  own,  and  French  and  continental  geologists,  advocate  the 
newer  theory  of  their  having  been  scooped  out  by  the  grinding  action 
of  massive  glaciers.     Each  of  these  theories  may  be  justified  by  par- 
ticular factB ;  and  M.  Desor,  at  least,  adopts  them  both,  and  applies 
either  one  or  the  other,  as  circumstances  demand,  distinguishing  the 
lakes  as  orographic,  and  lakes  of  erosion.     The  former  may  be  further 
divided  into  three  classes — ^the  lakes  in  synclinal  valleys,  such  as 
the  lake  of  Bourget ;  those  in  isoclinal,  such  as  Brienz  and  Wallenstadt, 
and  those  in  the  transverse  valleys  or  duseSy  of  which  the  lakes  of 
Thoune  and  of  Uri  are  examples.     The  lakes  of  the  Alps,  according 
to  M.  Desor,  are  chiefly  orographic ;  whilst  those  of  Neuchdtel,  Bienne, 
Morat,  Zurich,  Constance,  and  others  in  Lower  Switzerland,  are  lakes 
of  erosion.     The  question  of  the  epoch  of  their  formation  is,  however, 
very  much  complicated  when  the  strata  around  them  are  examined. 
AU  over  Lower  Switzerland  and  the  Jura  are  spread  the  well-known 
"  Alpine  blocks,"  which  by  their  mode  of  transport  would  necessarily 
have  passed  above  the  lakes  in  arriving  at  their  actual  sites  from  their 
original  beds ;  and  we  cannot  conceive  why,  if  a  current  brought  them, 
it  should  not  have  filled  their  basins  and  made  a  great  mound  of  debris 
at  the  debouchures  of  the  Alpine  valleys.     This  difficulty  involving 
the  impossibility  of  the  suspension  of  such  blocks  in  mid-air,  or  the 
unlikelihood  of  their  sustention  on  the  surface  of  water  1,000  feet 
0hoYe  the  valley  below,  has  been  one  of  the  main  causes  of  the  readi- 
ness with  which  the  hypothesis  of  the  former  greater  extension  of 
the  glaciers  has  been  received,  for  across  the  surfaces  of  the  ice- 
filled  depressions  the  Alpine  blocks  would  have  naturally  travelled 
from  the  Alps  to  the  Jura.     This  general  body  of  ice,  covering  all  the 
valleys  and  deep  hoUows,  is  certainly  a  cause  of  uncertainty  as  to  the 
epoch  of  the  formation  of  the  lakes,  for  they  may  evidently  be  anterior 
to  the  glacial  epoch,  their  basins  during  that  era  being  fiUed  with  water 
or  ice ;  or  they  may  be  posterior,  although  M.  Studer  is  not  disposed 
to  admit  a  posterior  origin,  which  appears  too  recent  to  reconcile  with 
the  evident  connection  of  the  basins  and  valleys  with  the  orography  of 
the  country. 

Another  difficulty  occurs.    For  a  long  time  there  has  been  known 
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to  exist  below  the  bonlder-drift  a  terrain  erraUgue,  a  deposit  of  sand 
and  day  horizontally  stratified,  and  possessing  all  the  characters  of  a 
river  deposit — the  terrain  du  transport  of  Elie  de  Beaumont,  or  the 
alluvion  ancienne  of  Necker,  the  diluvium  of  recent  authors — ^in  the 
gravels  of  which  the  constituent  rocks  of  the  pebbles  are  found  to  be 
derived  from  the  Alps  or  the  sub- Alpine  hills,  whilst  the  boulder- 
blocks  themselves  also  present  different  characters,  according  to  the 
nature  of  the  different  valleys  through  which  they  have  been  carried, 
and  corresponding  to  the  rocks  ineiiu  in  such  valleys  and  their  tribu- 
taries.    It  is  evident,  as  M.  Studer  remarks,  that  the  presence  of  this 
ancient  alluvium  throws  us  again  into  all  those  difficulties  from  which 
we  thought  ourselves  freed  by  the  hypothesis  of  the  former  greater 
extent  of  the  glaciers.     The  difficulty,  he  thinks,  may  perhaps  be 
diminished  by  reducing  as  much  as  possible  the  maes  of  those  gravels, 
the  transport  of  which  across  the  lakes,  before  the  great  extension 
of  the  glaciers  took  place,  seems  incontestable  ;  and  that,  as  these  hori- 
zontal beds  of  ancient  alluvium  repose  upon  the  denuded  or  sliced-off 
edges  of  the  inclined  beds  of  molasse,  iSne  date  of  their  formation  is 
necessarily  placed  between  the  catastrophe  which  elevated  the  Tertiary 
beds  and  the  epoch  of  the  great  extension  of  the  glaciers.    After  a 
carefrQ  analytical  survey  of  tibie  physical  and  geological  aspects  of  the 
lake-country,  M.  Studer  comes  to  the  conclusion  of  the  insufficiency  of 
erosion  in  accounting  for  the  origin  of  the  valleys  and  lakes  of  the 
Alps ;  and  he  considers  there  is  no  alternative  but  to  recognize  with 
M.  Escher  an  intimate  connection  between  a  great  number  of  the 
Alpine  valleys  and  the  inclined  positions  of  the  beds  of  the  mountains 
which  separate  them.     These,  then,  are  true  orographic  valleys,  such 
as  M.  Desor  has  noticed  in  the  Jura,  and  to  the  two  kinds  he  has 
described,  the  synclinal  and  isoclinal,  there  ought  to  be  added  for  the 
Alps  another — the  anticlinal  valleys.     The  duseSt  he  farther  considers, 
are  evidently  fractures  enlarged  by  erosion ;  and  he  adds  a  fourth  class 
of  valleys — those  of  subsidence.    If  lava-currents,  which  often  traverse 
loose  sand,  do  not  burrow  into  the  soil  in  their  progress,  is  his  argument, 
how  can  glaciers  which  have  less  power  than  even  such  currents  of 
water  as  our  senses  will  not  detect  the  motion  of,  and  which  even  at  this 
slow  rate  move  over  an  under-plane  of  water  and  ground-adherent  ice, 
effect  such  enormous  erosion  as  is  involved  in  these  lake-basins?    He 
looks,  therefore,  to  subsidences  as  their  chief  cause.    In  this  case  the* 
ancient  alluvium  at  the  bottom  of  the  basins  involves  the  supposition 
of  the  lapse  of  a  considerable  period  of  time  between  the  disturbance 
and  the  filling  up  of  the  depths  of  the  creva^sse  ;  and  as  a  proof  of  the 
occurrence  of  such  an  interval,  he  refers  to  the  great  difference  between 
the  faunas  and  floras  of  the  last  or  newest  beds  of  the  molasse,  and  the 
first  or  oldest  of  those  of  the  alluvium,  urging  how  great  a  length  of 
time  it  would  require  to  produce  such  differences  of  cHmatal  conditions 
as  to  enable  a  fauna  such  as  that  of  the  Confederate  States  to  supplant 
the  present  fauna  of  Europe — a  difference  which  is  not  greater,  how- 
ever, than  that  between  the  animals  of  the  Molasse  age  and  the  ele- 
phants, oxen,  and  deer  of  the  Diluvium. 
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Thb  most  noteworthy  fact  in  connection  with  British  mining  which 
has  presented  itself  during  the  quarter,  has  been  the  production  of 
gold  from  the  quartz  lodes  of  the  Cambrian  Hills.  Many  years  have 
passed  away  since  we  were  told  that  gold  was  to  be  found  in  Merioneth- 
shire. Some  of  the  precious  metal  was  exhibited  in  1851,  but  this 
had  been  obtained  at  a  cost  which  far  exceeded  its  value.  In  1861 
the  Yigra  and  Clogau  mine  gave  2,784  standard  ounces  of  gold  to  the 
adventurers,  but  in  1862  they  obtained  5,299  ounces.  For  some  time 
the  prospects  were  dull;  large  quantities  of  quartz  were  worked 
containing  no  visible  gold,  and  an  infinitesimally  small  proportion 
was  separated  by  amalgamation.  However,  the  prospects  brightened 
towards  the  close  of  the  year  1863  ;  and  during  the  past  quarter  the 
following  quantities  have  been  duly  reported : — 

Oz.     Dwts.        Cwt.Qra.    lbs. 

1.  103    11  from  7    1    23  of  quartz. 

2.  186    16     „    8    1    14        „ 

3.  296    16     „  10    3      0        „ 
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This  is  perhaps  the  most  extraordinary  yield  on  record  of  gold  from 
a  quartz  vein.  We  find,  however,  by  the  report  of  the  Yigra  and  Clogau 
Mining  Company,  that  since  the  date  of  their  last  report,  1,059 
ounces  of  gold  have  been  received,  this  being  obtained  from  quartz 
giving  24  ounces  of  gold  to  the  ton  on  the  average. 

In  the  neighbourhood  of  Bala  Lake  some  discoveries  were  made 
last  year,  from  which  much  was  expected.  This  has  not,  how- 
ever, been  realized.  But  in  January  some  quartz  was  operated  on 
from  Castell-cam-Dochan,  giving  from  5f  ounces  to  7^  ounces  to 
the  ton.  At  Fenrhos  and  Tynyrhenrhos,  stones  have  been  taken  from 
quartz  lodes  containing  visible  gold.  The  extraordinary  products  of 
tiie  Yigra  and  Clogau  mine  naturally  awaken  the  hopes  of  the  adven- 
turers in  the  other  gold-mines  around  Dolgelly.  It  should,  however, 
be  borne  in  mind  by  all,  that  nothing  can  be  more  capricious  than 
the  occurrence  of  gold  in  the  quartz  lodes.  We  know  not  when  the 
gold  may  disappear — we  have  no  rule  to  guide  us  as  to  its  discovery. 
Therefore,  caution  should  be  the  rule  of  all  speculators,  who  are 
tempted  by  the  auriferous  treasures  of  the  Welsh  mountains. 

British  mining  presents  but  little  that  is  worthy  of  our  record.  The 
fact  that  upwards  of  10  tons  of  nickel  and  cobalt  speiss  has  been  ob- 
tained from  the  sandstone  of  Alderly  Edge,  in  Cheshire,  is  of  interest 

In  our  last  number  we  drew  especial  attention  to  the  coal-cutting 
machines  of  the  Ardsley  Coal  Company,  and  of  Ridley  and  Jones. 
Mr.  Firth,  of  the  former  company,  informs  us  that  the  Ardsley  machine 
has  been  reduced  to  two  feet  in  length,  "  therefore,"  he  says,  ''in  the  pro- 
gress of  invention  we  have  gone  far  beyond  the  one  in  question/'    The 
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Ardsley  machine  is  being  nsed  in  seyeral  collieries,  and  the  reports 
are  in  the  highest  degree  satisfactory. 

In  connection  witii  this  really  important  subject,  a  very  admirable 
paper  was  read  at  the  Institution  of  Civil  Engineers,  on  February  16, 
by  Mr.  Thomas  Sopwith,  jnn.,  on  *'  The  Actual  State  of  the  Works 
on  the  Mount  Cenis  Tunnel,  and  Description  of  the  Machinery  Em- 
ployed." 

So  much  has  been  said  of  late  respecting  this  extraordinary  under- 
taking, and  of  the  machinery  employed  in  boring  this  tunnel,  that  we 
need  not  occupy  our  pages  with  any  description  of  either  the  one  or 
the  other.  The  following  brief  quotation  shows  the  present  rate  of 
progress : — "  The  tunnel,  on  30th  June,  1863,  had  been  driven  (includ- 
ing the  advanced  gallery),  at  Modane,  1092*25  metres,  and  at  Bardon- 
neche,  1450'00  metres.  The  advancement  in  June  last,  at  Modane, 
was  at  the  rate  of  4*719  feet  per  day.  At  this  rate  of  progress  at  both 
ends,  the  tunnel  would  be  finished  in  nine  years  two  and  a-half  months 
from  that  time.'' 

The  machine  employed  by  M.  Sommeiller  is  very  accurately 
described,  and  admirably-executed  drawings  are  given  in  a  work  by  M. 
Armengaud  (atne).*  In  the  same  work  will  be  found  a  description  of 
a  rotating  perforator, "  perforateur  rotatif,"  of  Schwartzkopf  and  Phil- 
lipson.  This  machine  is  exceedingly  portable,  and  especially  appli- 
cable to  the  conditions  which  prevail  in  our  metalliferous  mines. 

Attention  has  been  directed,  since  the  experiments  which  have  been 
made  at  Mont  Cenis,  to  the  use  of  boring  machinery  in  the  metallifer- 
ous mines  of  this  country.  A  machine,  invented  by  Mr.  Crease,  but 
resembling  strongly  the  machine  just  noticed,  has  been  used  in  the 
Yigra  and  Clogau  gold  mine,  near  Dolgelly.  The  result  of  the  trials 
made  in  driving  a  level,  went  to  show  that  several  improvements  were 
required ;  consequently  it  was  placed  in  the  hands  of  Mr.  Green,  of 
Aberystwyth,  and  that  gentleman  has  shown  much  mechanical  in- 
genuity in  adapting  new  principles  to  the  original  idea.  The  improved, 
or  Green's  boring  machine,  is  diown  in  the  accompanying  plate.  This 
machine  consists  of  (Figs.  1,  2)  an  upright  pillar  of  cast-iron,  3,  fixed 
upon  a  low  tram  wa^on,  1,  running  upon  rails  in  the  level,  and  having 
within  it,  in  the  upper  part,  an  upright  screw,  4,  and  cross-head  ;  and 
in  the  lower  part  another  screw,  2,  by  means  of  which  the  machine 
can  be  firmly  fixed  between  the  floor  and  the  roof.  This  pillar  is 
encircled  by  an  iron  collar,  5,  which  can  revolve  round  the  pillar,  but 
which  can,  by  means  of  a  rack  and  pinion,  7,  8,  worked  by  the  worm, 
6,  be  raised  or  lowered  upon  it.  Attached  to  this  collar  is  an  arm 
with  adjustments,  9,  10,  11,  14,  which  carries  the  boring  machine 
proper  (Fig.  4).  At  the  end  of  the  arm  is  a  cylinder  resting  upon  a 
screw  bed  (Fig.  3),  15,  in  which  works  an  ordinary  slide  valve.  The 
piston  is  shown  in  section  in  Fig.  4 ;  to  it  is  attached  a  hollow  piston- 
rod,  in  which  the  borer  is  placed.     By  the  side  of  the  cylinder  are 

*  *  Publication  Induatrielle  dea  Machines,  Ontils  et  Appareils  les  pins  perfec- 
tionn^s  et  les  plua  r^cents,  employes  dans  les  diffgreutes  branches  do  Tiadiistrie 
fran9aise  et  ^trang^re.'  Par  Armengaud  ( ain^).  Paris :  MM.  A.  Morel  et  G**. 
See  also  *  Les  Mondes,  Revue  Hebdomadaire  des  Sciences,'  21  Jan.,  1864. 
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attached  the  connecting-rods,  marked  3,  4 ;  one  working  the  slide 
valve,  the  other  acting  by  levers  5  and  6,  giving  motion  to  a  ratchet- 
wheel,  which,  acting  on  a  system  of  tooth- wheels  10  (see  end  eleva- 
tion), cause  the  piston  and  borer  to  make  a  quarter  of  a  revolution. 
These  levers  are  worked  at  each  stroke  by  means  of  projections  on 
the  piston-rod  1*1.  The  revolutions  can  also  be  efifected  by  hand, 
through  the  wheel  and  connection,  9 ;  and  this  marks  the  main  differ- 
ence between  the  machines  of  Crease  and  Green — the  former  having 
only  the  means  for  making  the  revolution  by  hand. 

At  the  same  time  that  the  borer  makes  its  quarter  revolution,  the 
screw  11  is  caused  by  tooth- wheels  to  make  an  equal  turn,  giving  a 
forward  motion  to  the  cylinder,  and  bringing  the  b^rer  more  into  the 
hole. 

This  machine  can  be  worked  by  either  steam  or  compressed  air, 
the  latter  being  the  most  convenient,  and  at  all  times  to  be  preferred, 
especially  in  driving  the  badly-ventilated  end  of  long  levels. 

These  notes  and  the  accompanying  drawing  will  show  that  the 
borer  can  be  placed  in  any  position  with  regard  to  height  or  direc- 
tion in  a  horizontal  plana  There  is  also  a  joint  Fig.  1-12,  by  which 
it  can  be  adjusted  in  any  direction  in  a  vertical  plane. 

We  are  informed  that  Mr.  Crease's  boring  machine  has  been 
recently  introduced  in  two  mines  near  Tavistoc^  and  we  know  that 
experiments  are  being  tried  in  some  of  the  lead  mines  of  the  North 
of  England,  and  in  the  copper  mines  near  Camborne,  Cornwall. 
Another  boring  machine  for  "^  driving  tunnels,  mines,  adits,  shafte, 
quarries,  &c.,"  has  been  constructed  and  patented  by  Mr.  Qeorge 
Low,  of  Newark.  In  its  more  important  features  it  does  not  differ 
materially  from  that  already  described.  We  are  informed  that  Mr. 
Low's  machine  has  been  applied  with  success  by  the  Connoree 
Mining  Company.  The  machine  can  be  made  with  one,  or  any 
number  of  borers,  which,  on  an  average,  will  bore  holes  at  the  rate 
of  two  inches  per  minute,  as  proved  by  actual  trial.  We  hear  of 
several  other  machines,  some  to  be  worked  by  air  or  steam,  or  by 
water  pressure,  and  others  to  be  moved  by  manual  labour.  The 
attention  which  is  now  being  directed  to  the  important  question  of 
relieving  men  &om  the  severe  tasks  of  boring  rocks  in  the  confined 
ends  of  levels,  appears  likely  to  result  in  the  production  of  some 
simple  and  ef&cacious  mechanical  arrangements. 

The  advantages  of  employing  machines  of  this  class  are  great : 
economy  in  working  should  at  once  recommend  them  to  the  mine 
proprietor,  and  on  the  score  of  humanity,  as  removing  from  living 
muscle  its  severest  toil,  and  giving  it  to  unwearing  metal,  the 
philanthropist  should  urge  their  introduction.  Another  advantage 
would  be  gained  by  using  compressed  air  machines ;  the  impure  air 
of  the  levels  would  be  dispelled  by  the  escape  of  that  wl^ch  we  had 
used  to  bore  our  rocks. 

In  a  journal  such  as  ours  it  is  important  that  we  should  preserve 
a  record,  easily  available,  of  the  progress  of  our  special  industries, 
The  report  of  the  Begistrar-General  on  the  census  of  1861  enables 
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tis  to  compile  a  list  of  persons  who  were  then  connected  with  our 
mining  operations.  From  this  it  appears  that  1,012,997  persons  are 
engaged  in  the  great  order  of  workers  in  minerals.  Of  these 
248,284  are  connected  with  coal  pits;  82,041  are  tin  or  copper 
miners,  18,552  are  lead  miners,  20,626  iron  miners,  7,502  are 
indefinitely  described  as  miners,  2,502  are  described  as  secretaries 
and  servants  of  mining  companies. 

Women  are  still  employed  at  coal  workis,  chiefly  at  the  pit's 
mouth,  their  number  being  3,763.  We  learn  also  that  142,170  males 
are  employed  on  stone  and  slate  quarries  and  in  clay  works;  and 
2,120  in  the  salt  works  of  the  kingdom.  The  workers  in  the  metals 
we  exclude  from  our  notice,  since  these  are  too  extensive,  and  they  are 
not,  in  all  cases,  sufOlciently  defined. 

With  this  large  number  of  people  employed,  and  producing,  as 
they  do  annually,  mineral  wealth  to  the  value  of  80,000,000Z.  sterling, 
it  is  astonishing  that  no  effective  system  of  education  has  taken  root 
in  this  country,  which  can  be  regarded  as  possessing  the  requisites  of 
mining  schools.  There  must  be  some  strange  prejudices  lurking  in 
the  popular  mind,  or  this  state  of  things  would  cease  to  be. 

The  English  language  is  poor  in  technological  literature  of  any 
kind,  and.  poorest  of  all  in  its  literature  relating  to  mines,  minerals, 
and  metallurgy.  This  arises  from  the  circumstance  that  we  are  a 
working,  and  not  a  writing,  people.  There  are  but  two  weekly 
journals  of  any  note  devoted  to  mining,  these  are  'The  Mining 
Journal,'  and  *  The  Colliery  Guardian,'  and  there  is  one  small  monthly 
magazine, '  The  Mining  and  Smelting  Magazine.'  These  are  the  only 
representatives  of  our  very  important  industries.  If  anyone  inquired 
for  a  work  on  British  Mining,  we  are  compelled  to  confess  that  there 
is  no  such  book  in  the  English  language. 

In  the  German  and  the  French  languages  there  are  many  periodi- 
cals devoted  to  mines  and  metallurgy,  and  to  these  we  must  be 
indebted  for  much  of  our  information.  The  b<Bst  papers  indeed,  on 
several  metalliferous  mining  processes,  as  carried  forward  in  this 
country,  are  those  of  M.  Moisenet,  which  were  published  in  the 
'Annales  des  Mines.'*  Many  valuable  papers  on  our  mines  and 
mining  machinery,  and  many  of  the  highest  character  on  the  manu- 
facture of  iron,  are  to  be  found  in  the  'Jievue  Universelle  des 
Mines,  &c.'f  It  is  not  a  pleasant  thing  to  acknowledge  our  poverty, 
but  it  is  satisfactory  to  know  that  our  several  industries  are  of 
sufficient  importance  to  demand  the  attention  of  such  journalists  as 
those  who  conduct  the  two  wwks  which  we  have  named.  In  the 
'  Bevue  Universelle'  occurs  an  admirable  paper  by  M.  S.  Jordan,  on 
the  mines  and  metallurgical  industries  of,  France.  From  this  we 
learn  that  the  consumption  of  coal  in  France  amounts  to  15,800,000 
tons,  while  the  production  is  only  9,400,000  tons,  yet  this  is  an 

*  *  Annnles  des  Mines ;  on  Becueil  de  M^moires  snr  rExploitation  des  Mines^ 
et  snr  les  Sciences  et  les  Arts  qoi  s'j  rapportent*    Paris :  Dnnod. 

t  *  Bevne  Universelle  des  Mines,  de  la  M^tallurgie,  des  Travanx  pnblios,  des 
Sciences  et  des  Arts  appliques  It  1' Industrie.'  Sous  la  Direction  de  M.  Gh.  Da 
Cuyper.    Paris  et  Id^ge :  Koblet  et  Baudry. 
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increaae  of  4,500,000  tons  in  the  last  ten  jeara.  The  prodaction  of 
pig-iron  in  1862  was  1,053,000  tons,  which  was  double  the  quantify 
made  in  France  six  years  previously.  Our  space  will  not  iJlow  of 
our  quoting  from  the  papers  by  A.  Burat,  E.  BMe,  and  others  on  the 
special  subjects  which  belong  to  this  division  of  our  Chronicle.  We 
cannot,  however,  refrain  from  directing  our  mining  engineers  to  a 
"Note  sur  quelques  perfectionnements  introduits  diuis  Texploitation 
des  Mines,'*  par  Jules  Havrez,  which  appears  in  the  August  part  of 
the  'Bevue  Universelle.'  It  appears  to  us  to  offer  many  VBluable 
suggestions,  by  which  they  might  profit.  The  "  Etudes  sur  TAcier," 
by  M.  de  Oizancout,  in  the  *  Annales  des  Mines,'  is  a  communication 
deserving  the  attention  of  our  metallurgists.  Professor  Bivot  has  an 
instructive  memoir  on  the  '  Veins  of  Argentiferous  Galena'  of  Vialas 
(Lozere).  To  our  miners  this  paper  should  be  a  model,  upon  which 
they  might  build  a  record  of  their  own  experiences. 

In  the  report  recently  published  of  the  progress  of  the  geological 
survey  of  Canada,  under  the  direction  of  Sir  William  Logan,  &ere 
is  much  matter  of  especial  mineralogical  interest.  The  chapters 
devoted  to  the  consideration  of  "  mineral  species"  may  be  consulted 
with  advantage.  They  make  us  acquainted  with  several  modified 
conditions  of  known  minerals,  and  with  a  few  which  appear  to  be  new 
varieties.  Amongst  the  metallic  minerals  which  have  been  discovered 
in  such  quantities  as  to  give  them  a  commercial  value  we  find 
nickel  and  cobalt,  chromic  iron,  iron  ores  in  considerable  variety, 
copper,  lead,  silver,  and  gold.  The  magnetic  oxide  of  iron  has  been 
found  in  great  abundance,  this  valuable  mineral  giving  72*4  parts  of 
iron,  and  27*6  parts  of  oxygen.  A  satisfactory  description  of  the  lead 
and  copper  mines  of  Canada  is  given  by  the  Geological  Surveyors.  It 
would,  however,  have  been  interesting  and  important  if  the  present  rate 
of  production  had  been  ascertained.  As  Canada  is  destined  to  become 
a  great  mineral-producing  country,  the  progress  of  its  economic  geology 
would  have  formed  a  very  appropriate  addendum  to  the  report  on  its 
scientific  geology.* 

Gold  occurs  in  this  colony,  both  in  veins  and  in  the  drift.  Some 
idea  of  the  value  of  the  auriferous  deposits  may  be  formed  from  the 
loUowing  quotation :—  *^  It  has  been  shown  that  the  washing  of  the 
ground  over  an  area  of  one  acre,  and  with  an  average  depth  of  two  feet, 
equal  to  87,120  cubic  feet,  gave  in  round  numbers  about  5,000  penny- 
weights of  gold,  or  li^  grains  to  the  cubic  foot,  which  is  equal  to 
II  grain  of  gold  to  the  bueiiel."  Several  other  minerals  useful  in  the 
arts  and  manu&ctures  are  succinctly  noticed,  and  the  occurrence  of 
plumbago  especially  described,  this  mineral  occurring  in  a  state  of 
considerable  purity. 

A  very  interesting  description  of  the  production  of  the  bitumens, 
especially  of  the  petroleum  of  Gkisp^,  is,  at  the  present  time,  important 

*  *  Geological  Sorvey  of  Canada.  Report  of  Fkogress  from  its  Commencement 
to  1863,  illustrated  by  498  Woodcuts  in  the  Text,  and  accompanied  by  an  Atlas 
of  Maps  and  Sections.'  Officers  of  the  Survey— -Sir  William  Lo^an,  Alexander 
Murray,  T.  Sterry  Hunt,  and  £.  Billings.  Montreal :  Dawson  Brouiers.  London : 
Bailliere. 


1864.]  Mining f  Mineralogy,  and  Metallurgy,  839 

The  wells  of  this  district  are  chiefly  in  aa  area  of  about  four  square 
miles  in  the  first  three  ranges  of  Enniskillen.  When  these  wells  have 
been  opened,  the  petroleum  has  risen  to  the  surface  of  the  earth,  con- 
stituting what  are  called  ^  flowing  wells."  One  of  these,  which  was 
sunk  to  a  depth  of  about  200  feet,  is  said  to  have  yielded,  when  first 
opened,  not  less  than  2,000  barrels  in  twenty-four  hours.  The 
Enniskillen  petroleum  wells  have  produced  as  follows  from  the  time 
of  their  opening : — 

Barrels. 

Previous  to  July  31,  1861        .        .  .  6,629 

Half-year  ending  January  31,  1862  .  6,246 

Do.          do.    July  31,1662        .  .  25,t.^64 

Do,         do.    January  31,  1863  .  67,650 

For  the  month  of  February  1863     ,  .  8,874 

Number  of  barrels  of  40  gallons  each     .      103,463 
Giving  a  total  yield  of  4,138,620  gallons. 

Other  districts  are  named  from  which  petroleum  can  be  obtained, 
although  as  yet  the  quantities  in  which  it  is  likely  to  be  produced  are 
uncertain,  as  no  sufficient  exploration  has  been  made. 

This  Report,  extending  to  980  pages,  is  a  valuable  contribution  to 
our  scientific  literature. 

M.  Samour  has  communicated  a  paper  to  the  AcadSmie  des  Sciertees 
on  the  '*  Density  of  Zircons.''  He  has  given  a  long  list  of  these  pre- 
cious stones  which  he  has  examined.  We  select  the  results  obtained 
in  a  few  instances  only,  as  showing  the  variation  of  density  to  which 
they  are  subject : — 

The  Zircon  of  Ceylon— green  colour  .  4*043 

Do.       of  India— blue  tint  .  .  4*696 

Do.      ofBrevig — brown     .        .  .  4*613 

Do.      of  the  Ural— yellow  brown  .  4*669 

The  indices  of  refraction  are  shown  to  vary  in  these  minerals  with 
their  density.* 

A  meteorolite  found  near  Louvain,  in  Belgium,  has  been  examined 
by  M.  Fisani,  and  found  to  contain — 

Nickelliferous  iron,  with  tin  and  traces  of  phosphorus    8*67 

Pyrites 6*06 

Chromate  of  iron 0*71 

Silicates  84*28 

99*72 

A  full  account  of  this  stone  was  communicated  to  the  AcadSmie  Boyale 
de  Belgique,  and  will  be  found  in  their  Transactions.  The  AcadSmie 
des  Sciences  of  Vienna  has  abo  been  occupied  with  the  consideration  of 
meteoric  masses.  M.  Haidinger  described  the  occurrence  of  meteoric 
iron  found  at  Tucson,  in  the  territory  of  Avezana,  United  States ;  and 
read  a  communication  on  a  meteorolite  observed  at  Vienna  on  the  10th 


*  I 
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of  August.*    M.  GtistaT  Rose  lias  commiiiiicaied  to  the  Academy  of 
Berlin  notices  of  six  aerolite8.f 

M.  Heniy  Sainte-Claire  Deville  bronght  under  the  notice  of  the 
Academy  of  Sciences  a  new  mineral  found  by  M.  Breithaupt  in  Green- 
land, and  to  which  he  has  given  the  name  of  Carphosiderite.:^  This 
mineral  is  very  rare,  and  it  was  supposed  by  E.  B[arkort  to  be  a  sub- 
phosphate  of  the  hydrate  of  iron ;  but  DeviUe  says : — "  After  the  study 
which  I  have  made  of  carphosiderite,  I  am  able  to  say  that  it  is  a  sub- 
sulphate  of  the  peroxyde  of  hydrate  of  iron  mixed  with  sand  and  a  little 
gypsum." 

An  interesting  paper  has  reached  us  on  "  The  Qems  of  Australia," 
read  before  the  Bo^  Society  of  Victoria,  by  Dr.  Bleasdale.  From 
this  we  learn  that  the  following  gems  have  been  found  in  our  important 
colony :  § — Diamonds,  sapphires,  ruby,  topazes,  beryls,  garnets,  opals, 
amethysts,  and  jaspers.  The  ruby,  of  which  one  only  has  been  found, 
alone  requires  notice.  It  was  found  in  Queensland,  "  and  cut  in  Mel- 
bourne by  Mr.  Spink,  and  turned  out  to  be  a  star  ruby,  of  good  size 
and  great  beauty.  This  stone  is,  I  think,  new.  It  belongs  to  the 
Asterias,  but  instead  of  having  a  floating  star  of  six  rays  of  white  light, 
it  has  a  fixed  star  of  six  black  rays  in  a  deep  blue  gromid." 

Dr.  Bleasdale  offers  some  very  sensible  suggestions  on  the  importance 
of  instructing  the  gold  miners  in  a  knowledge  of  precious  stones,  and 
of  forming  a  good  collection  of  them  in  the  local  museums. 

We  conclude  our  chronicle  of  mineralogy  by  drawing  attention  to 
a  machine  recently  patented  (of  which  a  working  model  is  exhibited 
in  Liverpool),  for  the  reduction  of  "  charcoal  and  other  friable  sub- 
stances to  fine  or  impalpable  powder,  particularly  applicable  to  the 
manufacture  of  a  substitute  for  lampblack."  The  apparatus  is  of  the 
simplest  kind,  consisting  in  the  main  of  cylindrical  vessels,  into  which 
the  material  to  be  reduced  is  placed  along  with  a  great  number  of  small 
balls  or  spheres  of  iron,  glass,  stone,  &c.,  to  which  rotary  motion  is 
then  imparted  at  any  speed  required. 

The  inventor  claims  for  his  machine  the  power  to  reduce  a  great 
variety  of  substances  to  an  impalpable  powder,  as  fine  as  lampblack ; 
and  amongst  those  named  in  the  specification  of  patent  are,  colouring 
earths,  barytes,  marble,  bloodstone,  litharge,  emery,  gums,  pepper,  &c. 

The  invention  is  a  Swedish  one,  and  is  in  charge  of  Mr.  Lee, 
16,  Leeds  Street,  Liverpool,  who  exhibits  the  working  model. 

Although  the  well-determined  processes  of .  metallurgy  leave  us 
nothing  in  the  way  of  progress  to  record,  our  metal  manu&ctures 
appear  to  advance  with  great  rapidity.  Our  attention  has  been  directed 
to  a  new  process  for  drawing  steel  tubes,  which  is  now  exciting  consi- 
derable interest.  The  following  description,  which  is  most  exact,  we 
borrow  from  *  The  Times '  newspaper : — 

•  See  *Llnstitut/  February  17,  1864. 
t  See  *  Les  Mondea,'  Febmaiy  11,  1864. 
X  Breithaupt  in  Schweiger's  Journal,  Bd.  L  S.  314. 

§  See  also  Dicker's  '  Mining  Beeord  and  Guide  to  the  Gold  Mines  of  Yictoria,*^ 
December  24, 1863. 
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''  Steel  tubes  are  one  of  the  difficult  problems  of  our  hardware  manu- 
facture. They  are  very  costly  to  produce,  and  very  unequal  in  their 
tenacity  when  they  are  turned  out,  the  weld,  when  the  tube  is  joined  down 
the  middle,  always  proving  its  weakest  and  almost  its  unsafe  part.  Steel 
wires,  however,  of  any  thickness  or  of  any  fineness,  are  drawn  every  day, 
and  by  a  very  simple  development  of  the  same  process  a  machine  has  been 
invented  by  which  steel  tubes  of  any  thickness  or  internal  diameter  can  be 
produced  with  the  same  certainty.  In  a  few  words,  it  may  be  said  that  the 
new  method  consists  of  substituting  the  slow,  equal,  but  irresistible  force 
of  hydraulic  pressure  for  the  ordinarily  rapid  out  somewhat  uncertain 
steam  power  of  the  wire-drawer's  bench.  The  whole  machinery  consists 
of  a  hydraulic  press,  with  double  cylinders  placed  vis-d-vis  with  a  single 
piston,  which  as  it  leaves  one  cylinder  enters  the  other,  and  which,  at  its 
junction  between  the  two,  carries  a  powerful  collar  or  flange  of  iron.  To 
this  flange  the  steettube  to  be  drawn  out  is  secured  in  a  die  or  gauge  of 
the  requisite  shape,  while  down  inside  the  tube  itself  passes  a  steel  rod, 
which  fits  into  the  circle  of  the  die  or  gauge,  just  allowing  the  requisite 
aperture  round  its  circumference  to  regulate  the  size  of  the  tube  drawn 
over  it.  Thus,  when  once  the  machine  is  set  in  motion  by  its  pump,  the 
tube,  held  by  its  outer  collar,  is  slowly  drawn  over  the  inner  rod,  which, 
according  to  its  thickness,  reduces  the  tube  by  pressure  against  the  outer 
die  to  any  fineness,  and  therefore  to  any  lengtn  that  may  be  required. 
Several  tubes  were  thus  drawn  yesterday  in  the  presence  of  a  number  of 
engineers  and  scientific  gentlemen  at  Mr.  Almond's  works,  Willow  Walk, 
Bermoudsey  ;  and  the  results,  both  as  to  the  mechanical  trueness  of  the 
tube  and  its  perfect  homogeneousness  throughout^  were  in  the  very  highest 
degree  satisfactory.  Nor  is  it  circular  tubes  only  that  can  be  drawn  by 
this  process.  By  altering  the  shape  of  the  outer  die  and  inner  rod  to 
square,  triangular,  or  octagon,  the  same  form  of  tube  is  produced  with 
equal  certainty  and  equal  strength,  though  in  order  to  avoid  distressing  the 
metal  it  is  only  reduced  ^^  of  an  inch  at  each  passage  through  the  machine. 
The  movement  is  so  slow  that  the  tube  comes  out  almost  cold,  yet  burnished 
like  the  finest  steel  inside  and  out.  The  great  pressure,  however,  to  which 
it  is  iBubjected  has  a  tendency  to  harden  the  metal,  so  that  when  many 
reductions  of  size  are  necessary,  it  has  to  undergo  annealing  to  keep  it  at 
the  required  toughness.  After  being  drawn  to  whatever  shape  or  length 
is  required,  the  .finished  tube  can  be  tempered  up  to  any  degree  of  hard- 
ness, or  annealed  down  to  its  strongest  stage  of  toughness  as  may  be 
wanted.  The  whole  process  is  neither  an  invention  nor  a  discovery,  but 
simply  a  most  valuable  development  of  our  present  means  of  manufacture." 

We  understand  that  there  are  scarcely  any  limits  to  the  sizes  of  which 
the  tubes  can  be  drawn.  Within  all  lie  ordinary  requirements  of  our 
engineers,  drawn-steel  tubes  can  now  be  supplied. 
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VI.    OPTICS. 

SiKOB  the  beantifdl  researches  of  Faraday  on  gold-leaf,  the  relation  of 
metals  to  light  has  scarcely  met  with  the  attention  which  so  important 
a  subject  deserves.  M.  G.  Quincke  has  recently  published*  an  elabo- 
rate investigation  on  the  optical  properties  of  metals.  We  have  not 
space  even  for  an  analysis  of  this  long  paper,  but  we  will  mention  a 
few  of  the  most  important  results  at  which  he  has  arrived.  Plates  of 
gold,  silver,  and  platinum  were  employed,  so  thin  as  to  be  transparent, 
and  these  were  examined  in  the  same  way  as  other  transparent  bodies. 
When  light  falls  upon  a  thick  plate  of  metal  it  penetrates  to  a  depth 
which  is  about  as  great  as  the  length  of  an  undulation,  the  so-called 
metallic  lustre  being  produced  by  the  conjoint  action  of  the  exteriorly 
and  interiorly  reflected  or  dispersed  light.  The  velocity  of  light  through 
metals  is  one  of  the  subjects  studied  by  the  author,  and  he  has  obtain^ 
in  the  course  of  this  investigation,  the  remarkable  result  that  light  travels 
&ster  through  gold  and  sQver  than  through  a  vacuum.  But  Faraday 
has  shown  that  silver  and  gold  films  occur  in  different  modifications, 
and  M.  Quincke  finds  that  gold  and  silver  metallic  plates,  through 
which  light  passes  with  a  greater  velocity  than  through  air,  may 
become  spontaneously  altered  by  simple  standing,  so  as  to  transmit 
light  with  less  velocity  than  it  is  transmitted  by  air.  In  the  case  of 
platinum  it  was  always  found  that  the  light  passed  through  with 
less  velocity  than  through  air.  The  ordinary  polished  silver  and  gold 
possess  the  same  character  as  that  modification  of  these  metals  which 
transmits  light  with  the  greater  velocity.  Their  refracting  indices  are 
therefore  less  than  unity. 

The  second  part  of  EirchhoflTs  researches  on  the  solar  speQtrum 
and  the  spectra  of  the  chemical  elements,  translated  by  H.  G.  Roscoe, 
F.B.S.,t  has  just  been  published.  It  completes  the  Professor's  survey 
of  the  solar  spectrum,  and  contains  two  plates,  one  extending  from  A 
to  D,  and  the  other  beginning  at  the  point  where  the  second  plate  in 
the  former  publication  ended,  and  extending  as  &r  as  G.  The  actual  ob- 
servations have  been  taken  by  M.  E.  Hofinann,  a  pupil  of  Professor 
EarchhofiTs,  his  own  eyesight  having  been  too  much  injured  by  his 
previous  observations  to  allow  him  to  continue  the  investigation.  The 
new  metals  examined  consist  of  potassium,  rubidium,  lithium,  cerium, 
lanthanum,  didymium,  platinum,  palladium,  and  an  alloy  of  iridium  and 
ruthenium.  These  additional  observations  have  not  yielded  any  new 
information  respecting  the  constituents  of  the  solar  atmosphere ;  they 
have,  however,  confirmed  the  results  of  the  previous  examination. 
Potassium^  which  was  formerly  considered  to  give  lines  identical  with 
some  in  the  solar  spectrum,  now  appears  to  be  absent  from  that  lumi- 
nary ;  a  few  coincidences  have  also  been  observed  in  the  spectra  of 
strontium  and  cadmium,  but  their  number  is  too  small  to  warrant  the 
conclusion  that  these  metals  are  present  in  the  sun's  atmosphere. 

♦  *  PoggendorflF's  Annalen,*  vol.  cxix.  part  8. 
t  Macmillan  and  Co. 
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The  plates  are  lithographed  in  ink  of  different  tints;  and  form  as 
perfect  a  representation  of  the  spectrum  lines  as  it  seems  possible  to 
obtain. 

M.  Van  der  Willigen  has  communicated  *  the  results  of  some  deter- 
minations of  the  indices  of  refraction  of  twelve  rays  of  the  solar 
spectrum  for  distilled  water.  Every  precaution  has  been  taken  to 
secure  accuracy,  and  the  readings  have  been  taken  to  one  second.  We 
give  the  results  for  the  eight  Fraunhofer  rays : — 

A 1-32899 

B 1-33048 

C 1-33122 

D 1-33307 

E 1.33527 

F 1-33720 

G 1-34065 

H 1-34350 

A  very  interesting  experiment  in  spectrum  analysis  has  been  de- 
scribed by  M.  Louis  Grandeau.t  During  a  stormy  night  he  arranged 
a  spectroscope  at  his  window,  so  uiat  the  lightning  could  illuminate  one- 
half  of  the  dit,  whilst  one  of  GJeissler's  nitrogen  vacuum  tubes  was  send- 
ing its  light  in  through  the  other  half  of  the  slit.  A  small  quantity  of 
vapour  of  water  which  remained  in  the  nitrogen  tube  at  the  time  it  was 
prepared  was  sufficient  to  produce  the  characteristio  ray  of  hydrogen 
superposed  on  the  nitrogen  rays.  M:  Grandeau  was  able  for  an  hour,  at 
intervals  of  about  five  minutes,  to  observe  the  spectrum  of  the  light- 
ning, the  general  appearance  of  which  at  first  sight  recalled  that  of 
the  electric  spark ;  but  on  closer  observation  he  soon  noticed  in  the 
spectrum  of  almost  every  flash  the  coincidence  of  a  certain  number  of 
the  rays  of  its  spectrum  with  those  of  the  spectra  of  nitrogen  and 
hydrogen.  This  is  easily  understood  when  we  remember  that  am- 
monia and  nitric  acid  are  produced  under  the  influence  of  the  electric 
discharge. 

The  solar  radiation  has  long  been  supposed  to  exercise  a  marked 
action  upon  all  bodies  exposeid  to  its  influence.  The  difference 
observed  between  plants  which  have  grown  exposed  to  its  full  power, 
and  others  which  have  received  but  a  limited  share  of  its  action,  is 
generally  very  great.  M.  Bourgeois  has  lately  made  some  observa- 
tions on  meadow  grass,  part  of  which  was  fully  exposed  to  sunshine, 
whilst  the  other  part  was  grown  in  a  shady  spot.  After  it  had 
been  converted  into  hay,  that  portion  which  had  had  the  full  benefit  of 
the  sun  was  greedily  eaten  by  some  horses,  whilst  they  refused  to 
touch  that  which  had  been  grown  in  the  shade.  Upon  subjecting  the 
two  kinds  to  distillation  by  steam  the  sunned  portion  was  found  to  be 
much  richer  in  odoriferous  principle  than  the  other.  These  experi- 
ments show  that  other  evils  besides  actual  paucity  of  crop  spring  from 
a  dull  cloudy  summer  and  autumn,  whilst  sunshine,  besides  increasing 

*  *  Gomptes  Bendus  de  rAcad^mie  des  Fays  Baa.* 

t  'Practical  lofltractioiis  in  Spectrum  Analysis.*    Paris :  IfaUet  Bachelier. 
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the  actual  yield  per  acre,  causes  it  to  grow  of  a  much  better  quality. 
There  is  no  doubt  that  what  is  here  lE^own  to  be  the  case  with  grass 
holds  good  equallj  with  cereal  and  other  crops. 

A  lifetime  might  be  spent  in  investigating  the  mysteries  hidden  in 
a  bee-hive,  and  still  half  of  the  secrets  would  be  undiscovered.  The 
formation  of  the  cell  has  long  been  a  celebrated  problem  for  the 
mathematician,  whilst  the  changes  which  the  honey  undergoes  offers 
at  least  an  equal  interest  to  the  chemist.  Everyone  knows  what  honey 
is  like  when  fresh  from  the  comb.  It  is  a  clear  yellow  syrup,  without 
a  trace  of  solid  sugar  in  it.  Upon  standing,  however,  it  gradually 
assumes  a  crystalline  appearance — it  candies j  as  the  saying  is — and 
ultimately  becomes  a  solid  mass  of  sugar. 

It  has  not  been  suspected  that  this  change  was  due  to  a  photographic 
action — ^that  the  same  agent  which  alters  the  molecular  arrangement 
of  the  iodide  of  silver  on  the  excited  collodion  plate,  and  determines 
the  formations  of  camphor  and  iodine  crystals  in  a  bottle,  also  causes 
the  syrupy  honey  to  assume  a  crystalline  foi*m.  This,  however,  is  the 
case.  M.  Scheibler*  has  enclosed  honey  in  stoppered  flasks,  some  of 
which  he  has  kept  in  perfect  darkness,  whilst  others  have  been  exposed 
to  the  light.  The  invariable  result  has  been  that  the  sunned  portion 
rapidly  crystallizes,  whilst  that  kept  in  the  dark  has  remained  perfectly 
liquid.  We  now  see  why  bees  are  so  careful  to  work  in  perfect  dark- 
ness, and  why  they  are  so  careful  to  obscure  the  glass  windows  which 
are  sometimes  placed  in  their  hives.  The  existence  of  their  young 
depends  on  the  liquidity  of  the  saccharine  food  presented  to  them,  and 
if  light  were  allowed  access  to  this  the  syrup  would  gi^adually  acquire  a 
more  or  less  solid  consistency ;  it  would  seal  up  the  cells,  and  in  all 
probability  prove  fatal  to  the  inmates  of  the  hive. 

The  Magnesium  Light  is  gradually  attracting  more  and  more  at- 
tention, as  there  appears  to  bo  a  probability  of  the  metal  being  ob- 
tained at  a  reasonable  price.  At  a  recent  meeting  of  the  Manchester 
Literary  and  Philosophical  Society,  Professor  Eoscoe  exhibited  the 
light  emitted  by  burning  a  portion  of  a  fine  specimen  of  pure  mag- 
nesium wire,  one  inch  in  diameter.  In  a  memoir  on  the  subject  by 
Professors  Bunsen  and  Eoscoe,  they  show  that  a  burning  magnesium 
wire  0*279  inch  thick  evolves  as  much  light  as  74  stearine  candles, 
6  to  the  pound.  In  one  minute  about  '12  grammes  of  magnesium 
would  be  burnt,  and  in  10  hours  about  72  grammes  or  a  little  over  2 
ounces.  In  order  to  produce  the  same  L'ght  wth  the  candles  for  10 
hours,  there  would  have  to  be  burnt  about  20  lb.  of  stearine,  so  that  could 
magnesium  wire  be  produced  at  a  few  shillings  per  ounce  our  houses 
might  at  once  be  illuminated  by  this  easily  managed  and  intensely 
powerful  light. 

A  good  photometric  process,  easy  of  application,  and  tolerably  ac- 
curate in  its  results,  is,  and  perhaps  will  long  remain,  a  desideratum. 
One  of  the  best  which  has  come  imder  our  notice  has  just  been  devised 
by  M.  Z.  Eoussin ;  he  dissolves  equal  parts  of  dry  perchloride  of  iron 
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find  nitroprnsside  of  sodium  in  ten  times  their  weight  of  water,  and  in 
this  manner  fonus  a  liquid  which  is  highly  sensitive  to  light,  deposing 
Prussian  blue  as  a  precipitate  under  the  influence  of  luminous  action, 
whilst  it  remains  quite  clear  in  darkness.  He  therefore  prepares  this 
liquid  in  obscurity,  and  takes  its  specific  gravity.  Afber  exposure  to 
the  light  he  filters  off  the  precipitated  Prussian  blue,  and  again  takes 
the  specific  gravity  of  the  clear  liquid.  It  will  of  course  have  dimin- 
ished in  density  by  the  amount  of  solid  matter  separated,  and  the 
difference  between  its  former  and  latter  specific  gravity  will  represent 
the  chemical  action,  the  numbers  obtained  varying  directly  with  the 
intensity  of  the  light. 

The  Electric  Light  appears  to  have  permanently  taken  its  place 
amongst  theatrical  properties.  In  Paris,  where  more  attention  is 
paid  to  scenic  effects  than  in  this  country,  the  celebrated  optician 
Duboscq  has  devised  some  marvellous  imitations  both  of  lightning  and 
of  the  rainbow.  The  former  is  obtained  by  a  concave  mirror,  in  the 
focus  of  which  are  the  two  carbon  poles  of  a  powerful  batteiy  nearly 
in  contact,  and  so  adjusted  that  when  the  mirror  is  rapidly  moved  in  the 
hand  the  polos  are  caused  to  touch  for  a  brief  interval,  and  flash  a  daz- 
zling beam  of  light  across  the  stage.  The  zigzag  effect  of  lightning,  and 
its  peculiar  blue  colour,  are  very  perfectly  imitated  by  this  means.  But 
more  wondeifol  than  this  is  the  rainbow.  In  the  representation  of  the 
opci*a  of  Mo'ise  it  is  requisite  in  the  first  act  to  introduce  a  rainbow, 
and  this  has  hitherto  been  effected  either  by  painting  or  by  projecting 
the  image  on  the  scene  from  a  magic  lantern  by  means  of  a  coloured 
slide.  In  the  latter  case  the  stage  had  to  be  darkened  in  order  to  allow 
the  rainbow  to  be  seen,  and  this  of  course  destroyed  the  illusion.  M. 
Duboscq,  by  a  happy  modification  of  his  specti-um  apparatus,  and  by 
employing  a  curved  instead  of  a  straight  slit,  and  a  sniall-angled  prism, 
has  succeeded  in  projecting  the  very  brilliant  electric  spectrum  on  the 
scone,  with  the  proper  curvature  and  the  identical  colours  of  the  real 
rainbow,  and  this  of  such  a  vividness  that  it  is  plainly  visible  in  the 
full  light  of  the  stage.  In  these  days  of  sensation-spectacles  we  feel 
confident  that  a  real  rainbow  on  the  stage  would  attract  quite  as  crowded 
houses  as  a  "  tremendous  header,''  and  it  is  somewhat  surprising  that 
no  manager  thought  of  introducing  so  novel  an  effect  last  Christmas. 

II  our  Continental  neighbours  have  not  yet  supplied  us  with  all 
their  electric  effects,  they  have  not  hesitated  to  make  full  use  of  the 
Dirksian  ghost,  which  has  so  long  reigned  unrivalled  at  the  Polytechnic 
under  the  energetic  management  of  the  director,  Mr.  Pepper.  In  the 
last  act  of  the  '  Secret  de  Miss  Aurore,*  as  performed  at  the  Thetltre 
Imperial  du  Chatdlet,  the  ghost  of  Conyers  is  made  to  confront  his 
assassin.  Softy,  with  incorporeal  bank-notes  in  his  hand,  and  poetic  jus- 
tice is  supposed  to  be  avenged  by  the  horror  which  seizes  the  murderer 
when  he  finds  himself  unable  to  grasp  them.  But  the  head-quarters  of  the 
ghostly  illusion  are  at  the  Seances  of  M.Bobin,  perhaps  the  most  scientific 
of  modem  followers  of  Cagliostro.  In  availing  himself  of  the  now  well- 
known  machinery  necessary  to  produce  the  ghost  illusion,  he  combines 
the  experience  of  a  wizard  with  the  appliances  of  a  man  of  science,  and 
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Bacceeds  in  prodncing  some  of  the  most  startling  illusions  of  the  day. 
He  does  not  attempt  to  instmct  his  audience,  but  candidly  tells  them 
that  he  is  going  to  employ  the  whole  of  his  complicated  electrical, 
voltaic,  and  optical  machinery  to  deceive  their  eyes  and  to  astonish 
them.  No  one  can  say  that  he  does  not  succeed  in  both  these  attempts. 
His  scene  of  "  the  violin  of  Paganini,"  and  the  one  in  which  he  repre- 
sents himself  as  struggling  in  the  embrace  of  death,  are  perhaps  the 
most  real  illusions  which  have  ever  been  brought  before  the  public. 


Vn.    HEAT. 


The  determination  of  the  mechanical  equivalent  of  heat  has  been  one 
of  the  great  triumphs  of  modern  times.  The  numerical  relations  have 
been  obtained  by  many  experimenters,  but  the  methods  have  been 
liable  to  very  great  errors  of  manipulation.  One  of  the  most  accurate 
series  of  determinations  has  just  been  completed  by  MM.  Tresca  and 
Laboulaye.*  The  principle  upon  which  they  work  is  to  allow  a  given 
volume  of  air  to  expand,  and  then  to  measure  the  amount  of  heat  which 
it  has  absorbed  during  the  operation.  Into  a  reservoir  holding  8-28 
cubic  metres,  air  is  forced  until  it  has  a  pressure  of  three  atmospheres. 
A  mercury  gauge  is  connected  with  the  receiver,  and  a  float  on  the 
upper  portion  of  the  mercury  registers  mechanically  its  exact  height 
at  any  given  moment.  This  is  effected  by  having  connected  with  the 
float  a  needle-point  pressing  against  a  sheet  of  glass  which  is  blackened 
with  smoke,  and  carried  horizontally  forward  by  clockwork.  It  is 
evident,  therefore,  that  the  variations  in  height  of  tiie  mercury  column 
communicating  a  vertical  movement  to  the  needle,  whilst  the  glass 
screen  is  carried  forward  horizontally,  the  resulting  mark  will  be  a 
diagonal  varying  in  curvature  with  the  variation  of  height  of  the  mer- 
cury gauge.  T)ie  exact  height  of  the  mercury  column  can,  therefore, 
be  ascertained  at  any  desired  moment. 

The  reservoir  being  filled  with  pure  dry  air  at  a  pressure  of  three 
atmospheres,  and  the  mercury  column  being  stationary,  the  needle- 
point registering  a  perfectly  straight  line  on  the  screen,  a  stopcock  is 
opened  and  air  is  allowed  to  rush  out  for  a  certain  time,  say  five 
seconds ;  it  is  then  closed.  As  soon  as  the  air  commences  to  rush  out, 
and  the  gaseous  mass  suddenly  expands,  its  pressure  diminishes,  and 
the  needle-point  consequently  gives  a  downward  oblique  mark  on  the 
glass  plate.  But  in  expanding,  the  temperature  of  the  gas  sinks,  and 
when  the  stopcock  is  closed  iSie  remaining  gas  in  the  reservoir  has  a 
lower  temperature  than  the  reservoir  itself  or  the  surrounding  bodies. 
The  mercury  gauge,  therefore,  stands  at  a  lower  point  than  it  other- 
wise would,  had  the  temperature  remained  uniform. 

Upon  closing  the  stopcock,  the  gas,  absorbing  heat  from  the  sides 
of  the  vessel,  gradually  regains  its  original  temperature,  and  the  mer- 
cury gauge  commences  to  raise  the  needle-point,  registering  an  upward 
curve  until  the  temperature  is  in  equilibrium ;  it  then  registers  a  straight 
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line  once  more.  Another  observation  is  now  taken,  and  this  is 
repeated  for  an  indefinite  nnmber  of  times ;  the  mean  result  being 
capable  of  any  degree  of  accuracy  according  to  the  number  of  obserya- 
tions  from  which  it  is  deduced.  It  will  be  seen  that  the  reservoir  and 
mercury  gauge  constitute  a  gigantic  air  thermometer,  and  the  method 
of  registration  is  capable  of  giving  the  most  minute  variations  of  tem- 
perature. The  amount  of  work  done  by  the  sudden  expansion  of  the 
gas  has  a  fixed  value  in  thermometric  degrees,  and  the  tracings  on  the 
glass  plate  hold  all  the  data  required  to  give  the  exact  numerical 
relation  between  the  two.  We  will  not  follow  our  authors  into  the 
details  of  their  calculations,  but  will  state  from  the  results  of  their 
investigation,  that  the  number  476  formerly  used  must  be  changed  for 
that  of  433,  which  is  near  that  given  by  the  labours  of  M.  Seguin  and 
Mr.  Joule.  From  the  method  of  operating,  and  the  large  scale  upon 
which  the  work  has  been  conducted,  there  is  eveiy  probability  of  this 
number  being  very  near  the  truth. 

In  our  last  Chronicles  of  Science  we  gave  a  short  notice  of  a  new 
gas-famace  by  Mr.  G.  Gore,  of  Birmingham.  The  same  principle  has 
since  been  applied  upon  a  much  larger  magnitude,  and  furnaces  on  a 
commercial  soJe  are  now  in  use  at  the  electro-plate  manufactory  of 
Messrs.  Elkington,  Birmingham,  and  elsewhere.  These  larger  furnaces, 
as  at  present  constructed,  are  capable  of  melting  about  400  ounces  of 
silver,  copper,  gold,  German-silver,  or  if  desirable,  even  cast-iron.  The 
amount  of  coal-gas  consumed  varying  from  800  to  400  cubic  feet  per 
hour. 

With  a  consumption  of  360  cubic  feet  per  hour,  the  following 
results  have  been  obtained : — 266  ounces  of  sterling  silver  were  per- 
fectly melted  within  25  minutes  from  the  period  of  lighting  the  gas  in 
the  cold  furnace,  and  the  metal  was  sufficiently  hot  to  cast  for  rolling  in 
20  more  minutes.  A  second  quantity  of  266  ounces  of  the  same  metal 
was  then  introduced  and  was  perfecUy  melted  in  11  minutes,  with  a 
consumption  of  66  cubic  feet  of  gas,  value  2c2.,  the  price  of  gas  being 
2«.  8d.  per  1,000  feet ;  in  a  farther  period  of  15  minutes  Uie  metiJ 
was  sufiiciently  hot  to  cast  for  rolling.  A  quantity  (116  ounces)  of 
German-silver  was  then  introduced  and  melted  in  15  minutes,  and, 
after  28  minutes'  longer  heating,  various  highly-figured  articles  were 
cast  from,  it  in  a  most  perfect  manner.  In  a  subsequent  operation  460 
ounces  of  silver  were  melted  in  about  the  same  time,  and  with  an 
expenditure  of  scarcely  more  gas  than  was  required  to  melt  266  ounces. 

The  smaller  sizes  of  this  fiimace  are  much  used  by  dentists, 
jewellers,  analytical  chemists,  assayers,  enamellers,  and  others,  in  con- 
sequence of  their  readily  fusing  silver,  gold,  copper,  glass,  and  even 
cast-iron,  without  the  aid  of  a  bellows  or  lofty  chimney,  by  simply 
lighting  the  gas ;  and  the  crucible  and  its  contents  being  at  all  times 
protected  from  tiie  air  and  yet  perfectly  accessible  for  examination, 
stirring,  removal,  &c.  The  burners  of  the  larger-sized  furnaces  are 
formed  of  a  series  of  plates  of  oast-iron,  and  may  be  readily  removed 
from  the  furnace  and  placed  to  heat  a  retort,  muffle,  reverberatory 
chamber,  or  other  apparatus,  where  inten'se  heat  is  required ;    it  is 
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intended  to  apply  them  to  heating  steam-boilers  and  welding  articles 
of  wrought  iron. 

The  safety  of  these  furnaces,  their  regularity  and  self-supplyiug 
action,  and  perfect  freedom  from  dust  and  smoke,  render  them  advan- 
tageous in  certain  processes,  such  as  enamelling,  annealing,  &c.,  where 
cleanliness  and  uniformity  of  heat  are  requii*ed.  Their  high  degree  of 
heat  without  the  aid  of  a  blast  results  from  the  very  rapid  and  perfect 
mixture  of  the  air  and  gas,  and  the  combustion  beiug  consequently 
effected  and  concentrated  in  a  very  small  space. 

To  provide  for  cases  where  gas  is  not  available  for  the  production 
of  these  high  tempemtm-es,  and  a  more  cleanly  and  manageable 
source  of  heat  is  required  than  that  afforded  by  a  coke  furnace, 
Mr.  C.  Griffin,*  has  constructed  an  oil  lamp  for  use  with  an 
artificial  blast  of  air,  which  is  not  only  as  powerful  in  action  as  the 
best  gas  furnaces,  but  almost  rivals  them  in  convenience  and  economy. 
The  fuel  is  the  more  volatile  kind  of  mineral  oil  of  the  specific  gravity 
'750 ;  every  precaution  is  taken  to  prevent  any  danger  of  explosion 
by  the  sudden  or  accidental  ignition  of  the  vapour.  The  flame  pro- 
duced in  this  fiimace  is  as  clear  as  that  of  an  explosive  mixture  of  air 
and  coal  gas,  and  it  is  perfectly  free  from  smoke.  No  chimney  is 
required.  The  power  of  the  furnace  is  very  great :  starting  with  a 
furnace  quite  cold  it  will  melt  one  pound  of  cast-iron  in  25  minutes, 
1^  lb.  in  30  minutes,  4  lbs.  in  45  minutes,  and  5  lbs.  in  60  minutes ; 
the  cost  of  the  latter  experiment  being  about  dd,  for  oil.  In  all  cases 
where  gas  cannot  be  obtained  as  a  fuel  for  such  operations,  this  oil- 
lamp  furnace  cannot  fail  to  prove  of  very  great  value. 

Oxygen,  that  fierce  supporter  of  combustion  at  ordinary  pressures, 
would  have  its  energy  increased  to  an  mconceivable  extent  if  used  in 
a  highly-condensed  form.  An  observation  of  Dr.  Frankland  has 
shown  that  under  this  condition  a  solid  mass  of  iron  is  almost  as 
inflammable  as  phosphorus  in  the  ordinary  state  of  the  atmosphere. 
During  some  experiments  at  the  Boyal  Institution  he  was  condensing 
oxygen  gas  into  the  strong  iron  receiver  of  a  Natterer's  apparatus,  and 
had  got  the  pressure  up  to  25  atmospheres  when  the  vessel  burst  with 
a  loud  explosion,  sending  a  shower  of  brilliant  sparks  in  every 
direction.  Upon  subsequent  examination  it  was  seen  that  the  whole  of 
the  interior  of  the  receiver  and  the  solid  steel  plugs  had  been  eaten 
away  to  the  depth  of  an  eighth  of  an  inch,  and  was  covered  with  a  fused 
mass  of  oxide  of  iron.  The  heat  evolved  in  the  compression  had 
evidently  ignited  the  oil  used  to  lubricate  the  piston;  this  immediately 
caused  tiie  combustion  of  tlie  iron  which,  in  the  atmosphere  of  com- 
pressed oxygen,  proceeded  with  great  intensity  ;  there  can  be  scarcely 
a  doubt,  the  Professor  considers,  that  had  a  union  joint  not  given  way, 
and  thus  furnished  an  outlet  for  the  compressed  gas,  the  latter  would  in 
a  few  seconds  more  have  converted  the  receiver  into  a  most  formidable 
shell,  the  almost  inevitable  explosion  of  which  would  have  scattered 
fragments  of  intensely-heated  and  molten  iron  in  all  directions. 

The  observations  of  Professor  Tyndall  on  the  physical  properties 
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of  ice,  and  the  Interest  excited  by  his  remarkable  book  ''  Heat  as  a 
Mode  of  Motion"  have  caused  physicists  in  other  countries  to  direct 
their  attention  to  this  subject.  Professor  Eeusch,  of  Tubingen,  in  a 
letter  to  Dr.  Tyndall,*  describes  some  observations  which  he  has  made 
on  this  body.  A  long  narrow  plate  of  clean  ice  was  suspended  by  its 
two  ends  in  loops  of  silk,  whilst  a  third  loop,  hung  from  its  centre,  had 
a  small  weight  attached  to  it.  After  the  lapse  of  20  or  80  minutes  a 
bending  was  plainly  seen,  the  ice  comporting  itself  like  a  plastic  body ; 
once  indeed  he  was  able  to  bend  a  thin  lamella  of  ice  between  the  fingers 
of  both  hands.  .  In  preparing  these  plates  it  was  noticed  that  in  sawing 
through  ice,  the  saw  after  a  time  ceases  to  act,  the  space,  between  its 
teeth  becoming  filled  with  freshly-formed  ice,  so  that  it  passed  along 
almost  without  friction  The  saw,  in  fact,  melts  through  the  ice,  the 
heat  necessary  for  that  being  the  equivalent  of  the  work  applied  to  the 
saw.  In  dividing  plates  of  ice  it  is  necessary  to  handle  them  like 
glass.  If  the  convex  blade  of  a  knife  be  passed  over  a  piece  of  ice 
with  a  certain  pressure  a  sharp  crack  will  result,  and  the  plate  may  be 
broken  in  the  direction  of  this  crack,  provided  the  temperature  of 
the  ice  and  of  the  air  be  below  0**  C.  Obviously  the  knife  acts  in  this 
instance  Hko  a  diamond,  which  depresses  minute  particles  of  glass,  and 
through  the  wedge  action  of  which  a  progressive  Hnear  cracking  is  pro- 
duced, which  renders  fracture  possible.  A  mere  scratch  sufiices  neither 
for  glass  nor  for  ice. 


VIII.    ELECTKICITY. 


A  NEW  insulating  material  has  been  recently  imported  by  Sir  W. 
Holmes  from  Demeiaro,  which  bids  £&ir  to  be  a  formidable  rival  to 
gutta-percha.  It  is  the  dried  juice  of  the  bullet  tree  (sapota  muMeri)  and 
is  called  balata ;  it  appears  likely  to  be  more  valuable  than  India-rubber 
or  gutta-percha  by  ^emselves,  as  it  possesses  much  of  the  elasticity  of 
the  one  and  the  ductility  of  the  other,  without  the  intractability  of 
India-rubber,  or  the  brittleness  and  lability  of  gutta-percha,  whilst 
it  requires  a  much  higher  temperature  to  melt  or  soften  it.  Since  the 
Exhibition  of  1862,  Sir  W.  Holmes,  who  was  the  Commissioner  repre- 
senting the  colony  of  British  Guiana,  has  been  engaged  in  investiga- 
tions how  to  produce  the  material  cheaply,  and  how  to  dry  or  coagulate 
it  rapidly ;  he  has  now  succeeded  so  far  as  to  warrant  the  importation 
of  steam  machinery  to  be  applied  for  its  extraction,  and  there  appears 
to  be  every  probability  that  balata  will  become  an  important  article  of 
commerce,  supplying  the  great  want  of  the  day,  a  good  insulating 
medium  for  telegraphic  purposes.  Messrs.  Silver  &  Co.  have  already 
imported  many  tons  of  it,  and  Professor  Wheatstone  is  now  investiga- 
ting its  electrical  and  insulating  properties.  Another  substitute  for 
gutta-percha,  the  juice  of  the  alstonia  acholaris,  a  tree  belonging  to 
the  natural  order  apocynoa,  has  been  forwarded  from  Ceylon  by  Mr. 
Ondaatjie ;  it  is  stated  to  possess  the  same  properties,  and  to  be  as 
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workable  as  gntta-percha.  It  readily  softens  when  pltanged  in  boiling 
water,  is  soluble  in  turpentine  and  chloroform,  receives  and  retains 
impressions  permanentlj,  and  is  adapted  for  seals  to  documents. 
These  specimens  are  sent  in  response  to  premiums  offered  by  the 
Society  of  Arts  for  the  discovery  of  a  substitute  for  gutta-percha. 

A  curious  fact  has  been  mentioned  by  Mr.  James  Napier*  in  refer- 
ence to  the  dynamics  of  the  galvanic  batteiy,  which  is  somewhat  in 
opposition  to  the  polar  theory  with  mutual  transfer  of  elements,  advo- 
cated by  Professor  Williamson.  Suppose  a  vessel  divided  by  a  porous 
diaphiHgrn  has  diMolved  in  each  divkion  an  eqnal  quantity  of  sulphate 
of  copper,  and  into  each  of  the  divisions  is  placed  a  plate  of  copper 
attached  to  the  poles  of  the  battery  which  completes  the  circuit ;  now, 
by  the  polar  theory  there  should  be  a  mutual  transfer  of  the  acid  and 
copper  between  the  two  divisions,  so  that  at  any  time,  if  the  current  of 
electricity  were  stopped,  the  solution  in  the  two  divisions  would  be  the 
same  as  when  the  experiment  began.  But  in  reality  this  is  not  the 
case,  the  copper  dissolved  in  the  division  attached  to  the  zinc  end  of 
the  battery  will  be  deposited  as  metal  on  the  copper  plate  in  that  divi- 
sion, while  the  acid  element  will  be  transferred  to  the  other  division. 
But  the  copper  in  that  other  division  will  not  pass  through  the  dia- 
phragm in  the  opposite  direction  to  the  acid,  so  that  ultimately  the  one 
division  will  have  neither  copper  nor  acid  in  solution,  whilst  the  other 
division  (that  connected  with  the  copper  end  of  the  battery)  will  have 
double  the  quantity  of  sulphate  of  copper  in  solution  that  it  had  at  the 
commencement. 

The  electrical  properties  of  pyroxHine  paper  and  gun  cotton  have 
long  been  known  to  be  veiy  great,  but  it  h&B  only  lately  been  pointed 
out  by  Professors  Johnstone  and  Sillimanf  that  these  azotized  species 
of  ceUulose  are  the  most  remarkable  negative  electrics  yet  observed ; 
upon  friction  with  these,  sulphur,  hitherto  the  most  highly  negative 
electric  known,  becomes  positive. 

We  have  to  thank  Mr.  Nassau  Jocelyn,  of  the  British  Legation, 
Turin,  for  drawing  our  attention  to  a  novel  voltaic  arrangement  devised 
by  Professor  Minotti,  of  that  city,  which,  though  essentially  based  upon 
Darnell's  principle,  is  said  to  be  far  more  constant  and  powerful  llian 
any  other  arrangement  of  that  rheomotor.  It  consists  simply  of  a 
copper  disc  placed  at  the  bottom  of  a  glass  vessel  having  a  gutta-percha- 
covered  wire  soldered  to  its  rim,  which  issues  from  the  top  of  the 
vessel  and  forms  the  positive  electrode.  Over  the  copper  is  laid  a 
layer  of  powdered  sulphate  of  copper,  and  over  this  a  stratum  of  coarse 
sand,  or — what  has  been  found  to  answer  better — a  stratum  one  inch 
in  thickness  of  common  glass  beads,  such  as  are  used  for  working 
purses,  and  may  be  purchased  at  a  cheap  rate  at  the  workshops.  On 
this  layer  lies  a  solid  cast-cylinder  of  zinc,  from  whence  proceeds  the 
negative  pole  of  the  element.  On  the  cell  being  filled  with  common 
spring  water,  so  as  to  cover  the  zinc,  the  batteiy  begins  to  work,  and  will 
keep  constant  and  uniform  for  seven  or  eight  monthisi.    The  intensity  of 
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the  action  may  be  judged  by  measnrement  with  the  galTanometer,  which 
will  be  found  in  a  cell  where  the  copper  and  zinc  surfaces  are  about  3 
inches  square  each,  to  haye  its  needle  deflected  to  about  20**.  This  is 
in  the  case  of  the  meter  ordinarily  employed  by  telegraphists.  The 
power  miiy  be  increased  by  approaching  the  elements  of  the  cells  nearer 
to  one  another,  by  placing  the  copper  over  the  sulphate,  and  by  reduc- 
ing the  beads  to  hiJf  an  inch.  There  is,  however,  danger  in  tiiis  case 
of  the  accumulating  surface  of  copper  on  the  copper  plate,  crystallizing 
in  an  upward  direction,  and  ultimately  shooting  out  a  fibre  which  may 
touch  the  zinc  plate  aboye  it,  when  of  course  ^e  cell  would  cease  to 
work.  The  first  arrangement  is  the  best,  and  it  is  the  one  which 
M.  Bonelli  has  adopted  in  working  his  new  telegraph.  The  aboye 
battery  appears  to  be  the  simplest  yet  brought  before  the  public,  con- 
sisting as  it  does  of  easily  procurable  materials,  and  its  action  being 
only  limited  by  the  waste  of  zinc  and  eyaporation  of  water.  M.  Bonelli 
uses  30  cells  to  work  his  fiye-wire  telegraph  for  a  long  distance,  so 
that  6  cells  appear  amply  sufficient  per  wire. 


IX.    PHOTOGBAPHY. 


Iodide  of  silver  may  be  looked  upon  as  the  foundation  of  the  present 
photographic  art,  and  yet  up  to  a  very  recent  period,  men  of  science 
have  differed  in  their  opinion  as  to  whether  thu  compound  is  photo- 
graphically sensitive  per  se  or  not.  As  late  as  January  last,  we  find 
a  foreign  photograher,  M.  Gaudin,*  publishing  some  experiments  which 
tend  to  show  that  iodide  of  silver,  when  prepared  by  the  direct  com- 
bination of  iodine  and  silver-lea^  is  absolutely  insensitiye  to  light 
when  tested  under  a  negative,  and  that  an  hour's  exposure  in  the 
printing  frame  does  not  give  rise  to  any  impression  whatever,  either 
before  or  after  the  application  of  a  developing  agent.  The  iodide  of 
ailyer  iised  in  these  experiments  was  in  the  fonn  of  a  yeUow  powder, 
rather  unctuous  to  the  touch,  and  was  merely  rubbed  over  the  surface 
of  a  piece  of  paper  with  a  tuft  of  cotton.  Subsequent  experiments 
were  tried  in  which  the  iodide  of  silver,  after  being  rubbed  over  the 
paper,  was  exposed  to  the  vapours  of  nitric  acid,  hydrochloric  acid, 
and  ammonia :  the  last  only  gave  signs  of  a  picture,  and  that  only 
after  a  very  long  exposure.  These*  experiments  tend  to  confirm  what 
is  generally  stated  in  chemical  works ;  but  Mr.  Spiller  f  has  since 
communicated  some  further  results,  tried  with  that  care  ana  ingenuity 
which  are  so  well  known  to  those  who  are  familiar  with  the  published 
researches  of  this  chemist,  which  show  conclusively  that  iodide  of 
silver  exists  in  two  different  modifications,  one  of  which  is  insensitive, 
whilst  the  other  is  sensitive  to  the  action  of  light.  Beasoning  upon 
the  well-known  change  which  takes  place  when  iodide  of  mercury  is 
heated — its  scarlet  colour  changing  to  yellow — ^it  occurred  to  him  tiiat 
a  similar  change  might  possibly  be  induced  in  the  iodide  of  silver.    This 
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was  confiimed  by  experiment,  and  by  the  application  of  heat  alone 
the  indifferent  yellow  iodide  of  silver  becomes  so  changed  in  its  pro- 
perties, as  afterwards  to  darken  on  exposmre  to  sunshine  much  in  the 
same  way  as  the  ordinary  modification  of  bromide  of  silver.  Very 
little  apparent  change  is  produced  by  the  action  of  heat ;  at  the  most, 
the  iodide  can  be  said  only  to  lose  in  a  trifling  degree  the  brilliancy 
of  its  yellow  colour,  verging  a  little  towards  grey.  The  lowest  limit 
of  temperature  at  which  this  change  takes  place  is  350°  Fahr. ;  and 
if  the  heat  be  augumented  to  400''  and  upwards,  the  change  is  more 
rapidly  eflected.  On  increasing  the  heat,  the  iodide  fuses  to  a  dark- 
red  fluid,  which  cools  to  a  pale  yellow  semi-transparent  mass,  quickly 
affected  by  exposure  to  light. 

Photographers  are  gradually  recognizing  the  truth  of  what  Sir 
William  Newton  urged  more  than  ten  years  ago,  namely,  that  it  is 
possible  to  have  pictures  too  sharp,  and  that  the  most  artistic  por- 
traits were  frequently  those  which  were  not  absolutely  in  focus.  One 
of  our  fii'st  writers  on  Art  Photography  has  lately  urged,  in  the  '  British 
Journal  of  Photography,'  the  beauty  of  effect  arising  from  slight  want  of 
sharpness.  What  artists  call  "  hardness,*'  is  generally  that  effect  which 
photographers  call  '^  sharpness ;"  and  he  maintains  that  far  more  pleasing 
portraits  would  be  obtained  were  photographers  to  use  their  "long, 
long  pencils  of  light  much  as  artists  use  their  drawing  pencils, — that 
is  to  say,  with  a  somewhat  broad  instead  of  an  extremely  sharp  point." 
Although  to  an  ardent  photographer  such  doctrines  may  savour  of 
rank  heresy,  we  honestly  confess  that  we  have  seen  far  more  pleasing 
portraits  taken  in  accordance  with  this  artistic  theory  than  when  they 
were  focussed  with  microscopic  accuracy. 

A  writer  in  '  La  Lumiere '  proposes  a  novel  lantern  for  evolving 
light  suf&cient  for  taking  portraits  at  night.  A  furnace  is  constructed, 
fed  with  hard  retort  carbon,  and  supplied,  not  with  air  alone,  but  with 
a  mixture  of  oxygen  and  air :  the  oxygen  being  evolved  from  a  mix- 
ture of  binoxide  of  manganese  and  chlorate  of  potash,  contained  in  a 
cast  iron  bottle  placed  beneath  the  furnace.  In  a  small  furnace 
furnished  with  a<  good  draught,  and  only  supplied  with  air,  a  light 
was  obtained  equal  to  100  candles,  and  the  author  thinks  that  if  fed 
with  oxygen,  the  light  would  be  equivalent  to  1,000  candles.  We  do 
not  glean  from  his  description  that  such  an  experiment  has  been 
actually  made,  and  we  are  tolerably  confident  that  the  difficulties  in 
its  practical  accomplishment  would  prove  too  great  to  supersede  other 
sources  of  artificial  light,  which  have  been  recently  introduced. 

The  Electric  light  has  always  been  a  favourite  amongst  advocates 
of  night  photography.  At  a  recent  meeting  of  the  American  Photo- 
graphic Society,  Mr.  J.  A.  Whipple,  of  Boston,  exhibited  some  photo- 
graphs of  a  fountain  in  Boston  Common,  taken  at  about  ten  o'clock  in 
the  evening,  whilst  illuminated  with  the  electric  light.  The  exposure 
was  90  seconds,  and  from  a  comparison  of  the  effect  produced  when 
photographed  in  daylight,  it  was  estimated  that  the  intensity  of  the 
electric  Hght  as  compai*ed  with  that  of  weak  sunlight,  was  in  the  pro- 
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portion  of  1  to  180,  holf-a-second  only  being  necessary  to  prodace  a 
similar  picture  in  the  daytime. 

The  electric  light,  hitherto  without  a  rival,  is  likely  to  be  equalled 
in  brilliancy,  and  far  surpassed  in  convenience  and  cheapness,  by  the 
magnesium  light.  In  our  chronicles  of  the  progress  of  optical  science, 
we  have  given  an  account  of  this  truly  wonderful  light,  and  we  have  to 
add  here  some  notes  respecting  its  photographic  value.  At  a  late 
meeting  of  the  Literary  and  Philosophical  Society  of  Manchester,* 
Professor  Boscoe  exhibited  some  prints  of  a  portrait  which  Mr. 
Brothers  and  he  had  taken  at  5  o'clock  p.m.,  on  the  22nd  of  February, 
by  burning  15  grains  of  magnesium  in  the  form  of  fine  wire  at  a 
distance  of  about  8  feet  from  the  sitter.  The  negative  thus  produced 
was  stated  by  Mr.  Brothers  to  be  fully  equal  to  any  obtained  by  sun- 
light in  the  most  favourable  state  of  the  atmosphere,  and  the  distri- 
bution of  light  and  shade  was  most  agreeable,  harshness  of  the  shadows 
being  completely  avoided  by  slightly  moving  the  wire  whilst  it  was 
bm*ning.  The  magnesium  was  worth  about  sixpence.  Photogi*aphcrs 
are  now  eagerly  asking  for  supplies  of  this  metal,  and  if  the  wire  can 
be  got  for  anything  like  a  reasonable  price,  there  is  no  doubt  that  in 
this  climate,  at  all  events,  this  application  of  it  is  likely  to  inaugurate 
a  new  era  in  the  photographic  art. 

A  very  ingenious  application  of  Professor  Graham's  discoveries  in 
the  diffusion  of  liquids  has  been  just  made  by  Mr.  Spiller.  In  washing 
photographic  prints  it  has  been  noticed  that  the  first  portions  of 
hyposulphite  of  soda  are  easily  extracted,  whilst  the  last  poiiions  ai*e 
only  removed  from  the  paper  with  great  difBculty.  This  is  explained 
by  the  great  diffusive  power  into  plain  water  of  a  strong  solution  of 
hyposulphite  of  soda  over  a  weak  one.  After  the  first  poi*tion6  of 
hyposulphite  have  been  removed  from  the  print,  Mr.  Spillerf  proposes 
to  transfer  them  into  a  cold  saline  liquor  made  by  dissolving  a  pound 
of  salt  in  half-a-gallon  of  water ;  they  are  left  there  for  fifteen  or 
twenty  minutes,  when  it  is  found  that  the  salt  brine  has  thoroughly 
penetrated  the  pores  of  the  paper,  and  expelled  the  greater  part  of  the 
remaining  hyposulphite.  The  liquid  is  then  poured  away,  and  the 
prints  are  washed  in  common  water.  The  principle  of  difihsion  now 
comes  into  play  again,  and  the  salt  brine  rapi<Uy  soaks  out  of  the 
paper,  bringing  with  it  the  last  traces  of  hyposulphite;  by  finally 
washing  in  the  ordinary  manner,  an  unusual  degree  of  purity  is 
attained,  the  presence  of  hyposulphite  in  the  finished  proof  being 
rendered  impossible.  This  is  one  of  the  most  beautiful  applications 
of  a  recondite  scientific  principle  which  we  have  ever  seen. 

Ilie  detection  of  hyposulphite  of  soda  in  the  finished  proof,  or  in 
the  last  washings,  is  a  matter  of  some  importance.  Mr.  E.  J.  Eeynolds 
has  communicated  to  the  "^  British  Journal  of  Photography,'  a  series  of 
experiments  on  the  various  methods  at  present  in  use.  The  first  con- 
sists in  reducing  the  hyposulphite  to  the  state  of  sulphide  by  boiling 
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first  with  acid,  then  with  alkali,  and  then  adding  nitro-prosside  of 
Bodinm ;  this  communicates  a  beantifal  violet  colour.  The  next  con- 
sists in  adding  sesqoichloride  of  iron,  which  at  once  gives  a  purple 
red  tint  if  hyposulphite  be  present.  The  third  test  consists  in  adding 
iodine  and  starch,  the  blue  colour  of  which  is  immediately  discharged 
on  the  addition  of  a  few  drops  of  a  solution  containing  a  minute  trace 
of  hyposulphite.  This  reaction  is  very  delicate,  as  it  is  capable  of 
detecting  one  grain  of  the  salt  dissolved  in  2^  gaUons  of  wate^.  The 
fourth  mode  of  detecting  hyposulphite  is  based  on  the  property  which 
it  has  of  reducing  sesquichloride  of  iron  to  the  protochloride.  The 
suspected  liquid  is  boiled  in  a  small  flask,  with  four  or  five  drops  of 
the  iron  solution,  and  a  drop  of  red  prussiate  of  potash  is  added.  If 
hyposulphite  be  present,  a  blue  precipitate  or  coloration  is  produced. 
This  will  detect  one  grain  of  the  salt  in  four  gallons  of  water.  The 
fifth  and  most  delicate  test  of  all  is  obtained  by  introducing  a  few  drops 
of  hydrochloric  acid,  and  a  fragment  of  zinc  into  the  suspected  liquid, 
and  testing  the  evolved  gas  for  sulphuretted  hydrogen  by  means  of 
lead  paper.  This  is  so  sensitive  that  it  will  detect  one  grain  of  hypo- 
sulphite in  rather  more  than  seven  gallons  of  water.  For  the  purpose 
of  detecting  any  hyposulphite  in  the  finished  picture,  the  plan  adopted 
by  Mr.  Spiller  is  the  most  convenient ;  he  moistens  the  white  parts 
with  a  little  protonitrate  of  mercury,  when  the  presence  of  even  a  trace 
of  hyposulphite  is  shown  by  the  production  of  a  brown  or  black  stain. 

Few  things  are  fedsified  more  than  the  chloride  of  gold  and  the 
aurochloride  of  sodium  used  by  phot(^praphers  for  toning  their  prints. 
The  usual  adulterant  is  common  salt,  which  is  sometimes  added  in 
such  quantity  that  a  bottle  professing  to  hold  seven  grains  of  gold 
sometimes  contains  only  a  little  over  two.  The  editor  of  the  *  Photo- 
graphic News '  has  published  a  very  simple  mode  of  detecting  this 
adulteration.  Both  the  chloride  of  gold  and  aurochloride  of  sodium 
are  soluble  in  alcohol,  whilst  chloride  of  sodium  is  insoluble  in  that 
liquid.  The  photographer  has,  therefore,  only  to  stir  up  the  con- 
tents of  a  fifteen-grain  tube  with  alcohol,  and  the  amount  of  white 
crystalline  residue  will  show  how  much  common  salt  has  been  sold  to 
him  at  the  price  of  gold. 

M.  Quaglio,  an  engineer  of  Vienna,  has  investigated  the  properties 
of  oleate  of  silver,  or  silver  soap,  in  photolithography.  After  some  pre- 
liminary preparation,  the  lithographic  stone  is  covered,  with  the  aid  of 
a  flanndL  rubber,  with  the  silver  soap,  and  it  is  then  exposed  under  a 
negative  to  the  sun.  The  portions  unacted  upon  are  then  dissolved 
out  with  naphtha,  and  the  stone  is  ready  to  be  gummed  and  inked 
in  in  the  ordinary  way.  This  process  is  extremely  easy  and  appears 
likely  to  be  successful.  The  impression  is  obtained  direct  firom  a 
negative,  a  transparent  positive  not  being  required,  as  in  some  other 
processes. 

The  substitution  of  a  less  expensive  metal  for  silver  has  been  the 
dream  of  photographers  for  many  a  year.  M.  Liesegang  describes,  in 
the  ^  Moniteur  de  la  Photographic,'  a  process  devised  by  M.  Obemester, 
of  Munich,  which  seems  to  be  very  successful.   The  paper  is  first  washed 
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with  a  mixed  solution  of  sesquichloride  of  iron  and  chloride  of  copper. 
The  paper  after  drying  is  ready  to  be  exposed  in  the  printing  frame ; 
its  sensitiyeness  is  one-third  greater  than  that  of  albuminized  paper. 
Very  little  is  seen  on  removing  it  from  the  printing  frame,  but  it  is  par- 
tially deyeloped  by  floating  it  on  a  solution  containing  sulphocyanide  of 
potassium  and  a  little  sulphuric  'acid.  The  effect  of  this  is  to  pre- 
cipitate white  subsulphocyanide  of  copper,  upon  those  parts  of  the 
paper  upon  which  the  light  has  acted.  After  washing  for  an  hour  or 
two,  the  picture  can  be  obtained  of  different  colours  by  dipping  it  into 
appropriate  solutions.  Thus,  red  prussiate  of  potash  gives  tiiem  an 
intense  red  hue ;  by  acting  on  this  with  an  acid  solution  of  iron  they 
become  violet  red,  violet  blue  and  black,  and  after  coating  them  willi 
albumen,  it  is  impossible  to  discover  any  difference  between  them  and 
the  best  silver  proofs  upon  albuminized  paper. 


X.    ZOOLOGY  AND  PHYSIOLOGY. 

Ths  French  Academy,  whose  annual  meeting  took  place  at  the  close 
of  the  year,  occupied  itself  with  a  tribute  to  the  distinguished  and 
lately  deceased  zoologist,  Andr6  Dumeril,  and  then  proceeded  to  an- 
nounce the  prizes  which  it  proposed  to  offer  for  the  coming  year,  by 
means  of  which  it  may  be  hoped  new  impulse  may  be  given  to  the 
various  departments  of  science.  The  great  Physical  Science  Prize  of 
8,000  francs  has  been  postponed  from  1859  to  1st  of  September  1864 ; 
the  subject  is  '*  The  Comparative  Anatomy  of  the  Nervous  System  of 
Fishes."  Another  prize  of  the  same  value  has  been  postponed  from 
1861  to  December  31st  1865 ;  the  subject  is,  "  The  Production  of 
Hybrid  Animals  by  means  of  Artificial  Fecundation."  A  third  prize 
of  3,000  francs  is  offered  for  the  osteographical  work  which  will  best 
contribute  to  the  advancement  of  French  paleontology,  to  be  sent  in  by 
1st  of  November  1865.  The  Cuvier  prize,  to  be  awarded  in  1866, 
will  be  given  to  the  most  remarkable  work  upon  the  Animal  Kingdom, 
or  upon  Geology.  This  prize  is  awarded  every  three  years, — ^the 
funds  arising  from  unemployed  subscriptions  to  the  statue  of  Cuvier  ; 
it  has  just  been  awarded  to  Sir  B.  Murchison  for  his  works  upon  the 
Pal89ozoic  formations.  Another  Cuvier  prize  is  also  announced  to  be 
given  to  the  author  of  the  most  remarkable  work  upon  the  Animal 
Kingdom,  or  on  Geology,  which  shall  appear  between  the  1st  January 
1863  and  the  31st  December  1865.  The  prize  to  consist  of  a  gold 
medal,  value  1,500  francs.  Another  prize,  termed  the  Grodard  prize, 
of  1,000  francs,  is  given  annually  to  the  best  paper  on  a  physiological 
subject,  which  is  this  year  left  open. 

Although  some  of  these  prizes,  owing  to  the  extended  character  of 
the  researches  required,  have  been  necessarily  postponed  from  year  to 
year,  it  is  not  therefore  to  be  supposed  that  there  are  no  competitors, 
or  that  this  stimulus  is  offered  in  vain.  Other  prizes  of  a  similar 
character  were  awarded  at  the  meeting  of  the  Academy,  as  the  first 
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prize  in  Experimental  Physiology,  which  was  given  to  M.  Moreati,  for 
a  work  *^  On  the  Air-bladder  of  Fishes,"  while  a  second  was  given  to 
MM.  Philippeaux  and  Vnlpian,  for  some  "  Besearches  on  the  Beunion, 
end  to  end,  of  Nervous  Sensitive  Fibres  with  Nervous  Motor  Fibres." 
The  second  Bourdin  prize  was  unanimously  awarded  to  M.  Lacaze 
Duthiers,  for  his  anatomical  and  physiological  history  of  coral,  and 
other  zoophytes. 

The  practice  of  vivisection  in  Paris,  which  has  received  so  much 
public  notice  of  late,  has  recently  been  brought  before  the  French 
Institute.  It  will  be  recollected  that  a  visit  was  made  to  the  Veteri- 
nary College  at  Alfort,  by  delegates  from  the  English  Society  for  the 
Prevention  of  Cruelty  to  Animals,  and  the  adhesion  of  the  Director  of 
that  Institution,  so  notorious  for  its  torturing  practices,  was  secured. 
The  Emperor  also  promised  the  deputation  that  he  would  institute  a 
scientific  commission  into  the  subject,  and  that  promise  he  has  kept, 
though  the  result  appears  not  to  have  been  unmixed  good.  M.  Bobin, 
formerly  an  opponent,  has  become  a  violent  partisan  of  the  practice  of 
vivisection.  In  anticipation  of  the  struggle '  about  to  take  place 
between  the  advocates  of  the  two  systems,  a  regular  correspondence 
has  been  opened  between  the  difierent  Academies  of  Europe,  and  the 
opinions  of  scientific  men  of  all  countries  are  eagerly  collected.  The 
first  communication,  recently  made  to  the  Institute,  was  from  Pro- 
fessor Lusana,  of  Pisa,  who  described  the  processes  by  which  he  had 
succeeded  in  extracting  the  pneumo-gastric  nerve  irom  dogs  and  rab- 
bits, after  numerous  attempts.  The  result  of  this  frightful  operation 
appears  to  be  that  the  victim  becomes  insensible  to  the  strongest 
poisons,  and  that  even  strychnine  may  be  introduced  into  the  stomach 
with  impunity.  But  however  curious  and  interesting  this  fact  may  be 
to  the  physiologist,  we  cannot  see  that  any  very  practical  results  may 
be  drawn  from  it ;  and  we  trust  that  the  more  humane  physiologists 
who  engage  in  the  controversy,  may  not  be  dazzled  by  the  spurious 
brilliancy  of  such  a  discovery  into  the  reprehensible  practice  of  sys- 
tematic torture  of  dumb  animals. 

The  period  of  gestation  of  certain  animals  of  the  class  of  Bumi- 
nants,  which  habitually  breed  in  the  Zoological  Society's  menagerie, 
has  been  ascertained  with  tolerable  exactness  by  Dr.  Sclater,  the 
Secretary.  Of  course  the  period  is  slightly  variable,  but  the  times  given 
in  the  following  list  are,  on  the  average,  very  faithfully  adhered  to. 

Fam.  Cervidce, — The  following  have  a  period  of  eight  months: 
Wapiti  Deer  (Cervus  Canadensis),  Persian  Deer  (C.  Wallichii), 
Barasingha  Deer  (C.  Duvaucelii),  Japanese  Deer  (C.  Sika),  Sambur 
Deer  (C.  Aristotelis),  Busa  Deer  (C.  Busa),  Hog  Deer  (C.  porcinus). 
Axis  Deer  (C.  Axis). 

Fam.  CamelidcB, — Llama  (Auchenia  glama),  and  Alpaca  (A.  pacos), 
both  have  a  period  of  eleven  months. 

Fam.  CamelopardidcB, — Giraffe  (Camelopardalis  giraffa),  fiffieen 
months. 

Fam.  Bovidm.  —  Punjaub  wild  sheep  (Ovis  cycloceros),  and 
Moufflon  (O.  Musimon),  each  four   months;    Leucoryx    (Oyx  leu- 
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coryx),   eight    months;    Eland   (Oreas  Canna),   nine  months;   and 
Nylghai  Antelope  (Portax  picta)  between  eight  and  nine  months. 

The  Hippopotamus  has  twice  produced  young  in  the  Amsterdam 
Gardens, — on  the  fii'st  occasion  she  went  seven  months  and  sixteen 
days,  and  on  the  second  seven  months  and  twenty  days. 

Mr.  Shorbrooke  Walker,  who  has  lately  come  from  New  Zealand, 
brought  with  him  some  fine  bones  of  the  Moa  (Dinomis  giganteus, 
Owen),  which  he  has  deposited  in  the  Liverpool  Museum  in  very  per- 
fect condition.  They  consist  of  right  and  left  femur,  two  left  tibiae, 
two  left  metatarsi,  and  two  vertebrte.  These  bones  were  found  in  a 
limestone  cave  at  Blue  Cliff  station,  in  the  province  of  Canterbury,  to 
enter  which  the  explorers  had  to  let  themselves  down  by  a  rope,  and 
crawl  in  on  their  hands  and  knees.  Mr.  Walker  reports  that  the 
Maories  assert  that  formerly  the  Moa  was  very  numerous,  and  used  to 
kill  the  native  children,  so  that  they  at  length  determined  to  exter- 
minate the  birds,  and  to  bum  the  island  for  this  purpose ;  and,  ac- 
cording to  them,  on  a  day  fixed  upon,  the  whole  of  the  east  coast  was 
fii'ed  at  the  same  time.  Whether  this  be  true  or  not,  it  is  very  evident 
that  all  the  east  side  of  the  middle  island  was  once  heavily  timbered, 
for  go  where  you  will,  on  hiUs  or  plains,  you  will  find  large  burnt 
logs  of  a  species  of  pine,  called  by  the  natives  Totara,  which  never 
decays  in  the  ground  ;  and  also,  more  rarely,  logs  of  a  species  of  cedar, 
now  extinct  there.  These  logs  are  only  charred  on  the  outside.  Wood, 
however,  still  exists  on  the  island  which  may  have  been  protected  by  a 
swamp  or  river,  in  which  swamps  Moa  bones  are  sometimes  found,  as 
though  they  had  found  shelter  there.  Mr.  Walker  is  incredulous  of 
this  Moa  still  being  existent  on  the  island,  and  only  heard  of  one  per- 
son who  professed  to  have  seen  one,  when  a  child.  The  Maories  also 
have  a  tradition  that  these  birds  used  to  go  into  caves,  and  that  their 
ancestors  made  large  nets  of  New  Zealand  flax  {Phormium  tenax)  for 
the  purpose  of  catching  them  for  food. 

Mr.  Walker  describes  the  habits  of  another  remarkable  New 
Zealand  bird,  the  Owl  Parrot  (Sirigopa  habroptiluLs,  G.  R.  Gray),  called 
Itdkapo^  by  the  natives,  found  chiefly  in  die  Middle  Island.  It  is 
about  the  size  of  a  common  hen,  with  a  varied  black  and  green 
plumage,  evidently  a  nocturnal  bird,  always  hiding  itself  under  some 
thick  plant  in  the  daytime.  It  cannot  fly  at  all,  and  has  a  very 
singular  mode  of  progression,  giving  a  hop  forward,  and  then  putting 
its  head  down,  and  resting  its  forehead  on  the  ground.  Mr.  Watts 
Eussell,  who  has  had  frequent  opportunities  of  observing  these  birds 
in  their  native  haunts,  confirms  this  singular  account  of  their  using 
their  head  as  a  third  foot.  It  is  entirely  a  ground  bird,  and  in  appear- 
ance singularly  resembles  an  owl. 

While  on  the  subject  of  Struthious  birds,  of  whch  the  Moa  was  a 
gr^nd  type,  it  may  be  mentioned  that  Professor  Hincks,  of  Toronto, 
in  a  paper  recently  published  on  their  systematic  relations,  remarks 
that  those  who  have  arranged  them  among  the  Easores  have  been 
guided  by  real  and  important  analogies— those  who  have  placed  thom 
among  Grallatores  have  attached  undue  im 'Ortance  to  a  single  cha- 
racter, which  really  only  indicates  the  position  of  this  in  reference  to 
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the  other  families  of  Basores— and  those  who  have  eleyated  this  group 
to  the  rank  of  one  of  their  great  orders  of  birds  have  chiefly  maniliosted 
their  hesitation  between  the  other  two  views,  by  taking  a  sort  of  inter- 
mediate position.  The  position  of  Aptorjx,  that  most  remarkable 
New  Zealand  bird,  as  a  type  of  a  sub-family  of  StruthionidsB,  seems 
to  be  conceded ;  and  its  long,  narrow  beak,  with  the  nostrils  at  the  ex- 
tremity, is  so  especially  tenuirostral,  that  there  can  be  little  doubt 
about  its  fittest  place,  though  its  entirely  suppressed  wings  and  hair- 
like feathers  might  seem  to  mark  it  as  last  in  tiie  circle,  because  lowest 
in  development. 

Captain  Mitchell,  of  the  Madras  Museum,  confirms  the  accounts  of 
the  climbing  habits  of  the  fish,  Anahas  scandens,  and  asserts  that  it 
does  ascend  the  palm-trees,  suggesting  that  as  it  does  so  after  heavy 
monsoon  rains,  it  may  be  that  it  prefers  pure  rain-water  to  the  muddy 
water  found  in  the  pools  and  streams  at  those  times.  The  native 
assistant  at  the  Madras  Museum  states  that  he  has  seen  them  climb. 
He  says : — '^  This  fish  inhabits  tanks  or  pools  of  water,  and  is  called 
Panai  zeri,  i,  e.  the  fish  that  climbs  Palmyra  trees.  Where  there  are 
Palmyra  trees  growing  by  the  side  of  a  tank  or  pool,  when  heavy  rains 
flill,  and  the  water  runs  profusely  down  their  trunks,  this  fish,  by  means 
of  its  opercula,  which  move  unlike  those  of  other  fish,  crawls  up  the 
tree  sideways  to  a  height  of  from  five  to  seven  feet  and  then  drops 
down.  Should  the  Anabas  be  thrown  upon  the  ground,  it  runs  or 
proceeds  rapidly  along  in  the  same  manner  (sideways)  so  long  as  the 
mucus  on  it  remains.''  This  sideways  movement,  by  inclining  the 
body  considerably  from  the  vertical,  enables  the  fish  to  use  the 
spines  on  the  operculum  to  the  best  advantage.  The  operculum  itself 
is  remarkably  movable,  and  the  locomotion  is  described  as  a  wriggling 
one.  Other  observers  have  satisfied  Captain  Mitchell  that  they  have 
seen  the  Anabas  ascend  Palmyra  trees  at  Negapatam  and  in  the 
neighbourhood  of  the  Bed  Hills,  in  the  vicinity  of  Madras. 

M.  Moreau  arrives  at  the  following  conclusions  relative  to  the  air 
in  the  swimming-bladders  of  fishes  : — This  air  presents  a  composition 
which  may  vary  more  or  less,  relatively  to  the  proportion  of  oxygen 
under  the  following  circumrliinces  :  1.  The  oxygen  diminishes  and 
disappears  in  asphyxia  and  other  morbid  conditions.  2.  In  fishes  with 
on  open,  as  in  those  with  a  closed,  swimming-bladder,  the  air  is 
renewed  without  being  derived  from  the  atmosphere,  and  the  rapidity 
of  this  renewal  is  in  proportion  to  the  vigour  of  the  fish.  3rd.  The 
new  air  presents  an  amount  of  oxygen  far  superior  to  the  proportion 
of  gas  usually  contained  in  the  air  of  the  swimming-bladder,  and  also 
&r  superior  to  that  contained  in  the  air  dissolved  in  the  water. 

The  Entomological  Society  of  New  South  Wales  in  the  first  part 
of  its  Transactions  lately  published,  gives  a  description  of  an  ovo- 
viviparous  moth  of  the  genus  Tinea,  which  he  calls  Tinea  vivipara.  It 
was  captured  after  dark  early  in  October,  and  fearful  that  the  plumes 
might  be  injured  by  its  struggles,  it  was  gently  compressed,  and  on 
opening  the  hand  Mr.  Scott  observed  numbers  of  minute,  but  perfect 
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larvsB  being  ejected  from  the  abdomen  in  rapid  succession,  and  moving 
about  with  considerable  celerity,  evidently  in  search  of  suitable  food 
or  shelter.  Several  other  specimens  were  subsequently  obtained,  and 
they  shortly  commenced  to  deposit  their  living  progeny  with  rapidity, 
the  small  white  fleshy  larvsB  being  seen  with  great  distinctness  on  the 
black  surface  of  the  paper,  affording  s&tis&LctoTy  proof  that  this  insect, 
the  only  one  of  the  order  at  present  known,  is  unquestionably  ovo- 
viviparous,  and  will  represent  in  future  this  peculiarity  among  the 
lepidoptera,  similarly  to  those  few  species  existing  in  the  hemipterous 
and  dipterous  orders. 

The  Boston  Natural  History  Society  have  had  an  account  laid 
before  them  of  the  operations  of  the  minute  PlcUygtuter,  which  attack 
the  eggs  of  the  canker-wotfa  moth  (Anisopteryz  vemata).  Mr.  Scudder, 
the  observer,  states  that  after  moving  round  a  long  while  in  search  of 
a  suitable  place  to  lay  its  eggs,  using  its  ovipositor  as  a  feeler,  the 
abdomen  is  plunged  down  into  the  space  between  three  continuous  eggs, 
and  the  ovipositor  perforates  one  of  them,  out  of  view.  The  body  of  tlie 
insect  assumes  a  position  perpendicular  to  its  exposed  surfaces,  sup- 
ported in  the  rear  by  the  wings,  which,  folded  over  the  back,  are 
placed  against  the  surface  behind,  while  the  hind  legs,  spread  widely 
apart,  sustain  the  insect  on  either  side,  and  the  middle  pair  are  placed 
nearer  together  in  front.  With  the  four  legs  dangling  it  remains 
motionless,  except  some  slight  movement  of  the  antennes,  for  three  or 
four  minutes,  after  which  it  moves  off,  seldom  flying,  in  search  of 
another  place. 

At  a  recent  meeting  of  the  Entomological  Society  a  communication 
was  read  from  the  Lords  Commissioners  of  the  Admiralty,  enclosing  a 
copy  of  a  circular  letter  from  the  Governor  of  St.  Helena  respecting  the 
ravages  committed  in  the  island  by  the  white  ants.  It  was  stated  that 
they  were  (it  was  supposed)  accidentally  introduced  from  the  coast  of 
Guinea  twenty  years  ago,  and  now  almost  every  dwelling,  shed,  store 
in  Jamestown,  containing  4,000  inhabitants,  have  been  seriously  injured 
by  them,  involving  in  many  instances  complete  ruin  and  abandonment, 
and  imperilling  the  lives  of  large  numbers  of  the  poorer  classes,  who 
are  still  living  in  houses  of  doubtful  security.  The  Governor  was 
anxious  for  information  as  to  the  most  successful  mode  of  finding  the 
ants'  nests,  and  effectually  destroying  their  receptacles,  and  as  to  the 
description  of  timber  which  had  proved  to  be  least  susceptible  of 
injury  from  the  insects,  and  the  average  market  price  of  such  timber 
per  cubic  foot.  General  Sir  John  Hearscy  stated  that  if  ever  ants 
effected  a  lodgment  in  the  walls  of  a  houses  the  walls  themselves  must 
be  taken  down  before  the  insects  could  be  eradicated.  He  thought  the 
best  preventive  was  to  steep  the  timber  before  building  in  a  solution 
of  quicklime,  and  completely  saturate  it  therewith;  whilst  store- 
boxes,  famiture,  and  smidl  artic],es  should  be  painted  over  with  a  solu- 
tion of  corrosive  sublimate.  Mr.  Bates  coincided  with  General  Hearsey 
in  his  estimate  of  the  value  of  quicklima  The  nests  must  be  sought 
for  in  the  plain.  Mr.  E.  W.  Bobinson  said  that  on  the  Indian  railways 
creosote  was  applied  to  the  sleepers — but  it  was  not  sufficient  merely 
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to  coat  them  with  the  solution,  but  the  whole  block  must  be  impreg- 
nated with  the  solution  by  hydraulic  pressure. 

Dr.  J.  D.  MacDonald  has  communicated  to  the  Royal  Society  of 
Edinburgh  a  memoir  on  the  morphology  of  the  tunicated  mollusca,  in 
which  he  considers  that  the  fixed  tunicates  exhibit  at  least  two  well- 
marked  types,  and  the  free  Pelagic  group  four,  which  are  equally  dis- 
tinct and  of  equal  importance.  He  also  considers  that  very  striking 
representative  relationships  exist  between  the  fixed  and  free  tunicates, 
as,  for  example,  between  Appendicularia  and  Pdonaia, — DoUolum  and 
the  remaining  simple  tunicata,  Salpa  representing  the  social,  and  Pyro- 
soma,  the  compound  group,  especially  the  Botryllians. 

Professor  Allman  has  just  pointed  out  a  curious  and  important 
chaiacter  of  the  so-called  nemataphores  in  the  plumularian  zoophytes, 
hitherto  unnoticed.  In  Plumtdaria  cristata  he  finds  them  to  consist  of 
a  true  sarcode  or  protoplasm,  and  except  in  the  fact  that  the  proto< 
plasm  contains  a  cluster  of  thread  cells  immersed  in  its  substance,  it 
appears  in  no  respect  to  differ  from  that  which  constitutes  the  substance 
of  an  amoeba.  This  soft  granular  mass  has  the  power  of  projecting 
extensile  and  mutable  processes,  consisting  of  a  finely  granular  sub^ 
stance  which  undergoes  perpetual  change  of  form,  comporting  them- 
selves in  every  respect  like  the  pseudopodia  of  an  amoeba,  which  they 
also  resemble  in  their  structure,  for  they  consist  of  a  simple  protoplasm 
composed  of  a  transparent  semifluid  basis,  in  which  minute  corpuscles 
are  suspended.  In  Antennularia  antenninia,  a  genus  possessing  the 
closest  afi&nities  with  Plumularia,  entirely  similar  phenomena  have  been 
witnessed,  the  processes  being  usually  simple,  in  only  one  instance  there 
having  been  seen  what  appeared  to  be  a  short  irregular  branch  given 
off  from  the  finger-like  pseudopodium. 

M.  Lacaze-Duthiers,  who,  we  have  observed,  has  obtained  the 
Bourdin  prize  for  his  inquiry  into  the  anatomy  and  physiology  of 
corals,  has  produced  a  monograph  of  371  pages,  accompanied  by 
another  of  20  pages,  comprising  120  figures  relating  solely  to  corals. 
He  describes  and  draws  in  detail  the  reproductive  organs,  male  and 
female,  and  has  studied  the  development  of  the  eggs,  spermatozoids, 
and  larvae ;  has  observed  the  larvae  during  their  period  of  liberty,  de- 
termined the  first  signs  of  their  future  transformation,  and  followed 
this  transformation  step  by  step  to  the  moment  when  the  single  being 
issuing  from  the  single  egg,  begins  to  shoot,  and  gives  birth  succes- 
sively to  a  whole  colony,  of  which  it  is  the  actual  parent.  These 
facts  are  all  new.  Coral  does  not  present  the  phenomena  of  alternate 
generaiioiM,  established  among  so  many  other  Eadiata ;  still  it  enters 
none  the  less  into  the  category  of  getieageneiic  animals,  as  they  are 
termed  by  M.  de  Quatrefagcs.  The  scoJex  alone  undergoes  a  real 
metamorphosis.  In  general  tiio  sexes  are  distinct  in  corals,  but  one 
may  occasionally  find  on  a  male  steip  a  branch  where  the  polyps  are 
female,  and  vice  versa,  A  branch  may  also  contain  individuals  of  both 
sexes,  and  more  rarely  still  the  same  individual  may  be  both  male  and 
female.  Thus,  regarding  the  separation  of  the  sexes,  the  coral  zoophytes 
present  the  two  extremes  and  almost  all  the  intermediate  degrees. 
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M.  Duthier's  experiments  are  still  in  progress  on  the  coast  of  Algeria, 
where  he  is  endeayouring  to  determine  the  rapidity  of  growth  of  the 
coral,  by  immersing  at  a  certain  point  150  large  jars  marked  so  as  to 
be  recognizable,  which,  successively  taken  out,  will  furnish  information 
on  the  development  of  the  calcareous  axis  hitherto  unknown. 

The  expedition  led  by  the  Eev.  H.  B.  Tristram  for  the  scientific 
exploration  of  the  Holy  Land  was  early  in  January  at  Jericho  inves- 
tigating the  natural  products  of  the  valley  of  the  Jordan,  which  offered 
abundfmt  promises  of  fruitful  results.  The  preceding  month  had  been 
spent  in  the  more  barren  field  of  inquiry  between  Beyrout  and  Jerusalem. 
In  the  Jordan  valley  a  new  fauna  was  found  to  prevail,  essentially 
different  from  that  of  the  high  land,  and  surpassing  all  previous 
expectations  as  r^ards  its  abundance,  if  not  as  regards  its  variety. 
The  expedition  proposes  to  pass  the  summer  in  the  highlands  of  the 
Lebanon  and  surrounding  district,  and  to  return  home  in  the  autumn. 
The  Government-grant  committee  of  the  Eoyal  Society  have  recom- 
mended a  grant  of  50Z.  to  Mr.  Tristram  in  aid  of  the  expedition. 

A  somewhat  singular  scientific  expedition  round  the  world  has  been 
organized  by  Austi'ia.  The  Marco  Polo  was  to  leave  Trieste  on  the 
5th  March,  taking  with  her  about  60  passengers,  who  were  each  to  pay 
400Z.  passage  money,  and  the  voyage  was  expected  to  extend  over 
eight  months.  The  actual  voyage  was  calculated  to  occupy  about  200 
days,  and  50  days  were  to  be  spent  in  visiting  30  different  ports  which 
had  been  selected  as  stopping  places.  The  vessel  has  been  fitted  out 
with  scientific  apparatus  of  aJl  kinds. 

The  French,  not  behindhand,  are  organizing  an  expedition  to 
Mexico,  which  will  probably  be  productive  of  useful  results.  This  will 
be  under  the  auspices  of  the  Minister  of  Public  Instruction,  M.  Duruy. 
He  recommends  that  a  sum  of  8,000Z. ^should  be  set  apart  to  defray  the 
expenses  of  the  expedition,  and  his  suggestions  have  been  approved 
by  an  Imperial  decree  appointing  the  members  of  the  commission. 
Among  them  are  Marshal  Yaillant,  Baron  Gros,  Michel  Chevalier, 
Vice -Admiral  Jurien  de  la  Graviere,  Milne-Edwards,  Baron  Larrey 
and  Yiollet  le  Due,  M.  de  Quatrefages,  &c. 
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REVIEWS. 


THE  STOEY  OF  THE  GUNS.* 

With  the  din  of  war  approacbiiig  nearer  to  onr  shores,  and  the  political 
horizon  assunung  a  more  and  more  threatening  aspect,  it  is  no  wonder 
that  the  *  Story  of  the  Guns '  should  have  been  the  book  of  the  past 
quarter. 

From  the  '  Natural  History  of  Ceylon'  to  the  subject  under  con- 
sideration is,  indeed,  a  great  leap,  and  there  are  few  men  living  who 
could  have  accomplished  it  more  easily  than  Sir  James  Emerson  Ten- 
nent ;  but  it  would  be  alike  unfair  to  our  readers,  and  to  the  author 
himself,  if  we  were  to  speak  of  this  work  in  the  same  terms  of  un- 
qualified praise  as  of  his  former  labours.  Whether  it  has  been  his 
intention,  in  the  performance  of  what  he  may  have  conceived  to  be  an 
imperative  duty,  to  expose  facts  with  which  he  considers  that  the 
nation  should  be  made  acquainted,  namely,  the  extravagant  and  xm- 
warranted  expenditure  of  money  upon  an  imperfect  weapon,  or  whether 
it  was  simply  his  desire  to  reinstate  in  public  favour  a  gentleman  of 
rare  abilities  whom  he  believes  to  have  been  neglected  and  slighted  by 
our  Government,  we  are,  of  course,  unable  to  say ;  but  however  honest 
may  have  been  his  intentions,  we  can  assure  him  that  he  will  have 
fSailed  in  creating  the  desired  impression  upon  the  minds  of  his  careftil 
readers. 

A  book  emanating  from  such  a  source,  and  appearing  at  so  oppor- 
tune a  period,  could  not  fail  to  command  attention,  and  the  journals 
requiring  literary  extracts  as  a  portion  of  their  daily  bread  would 
necessarily  increase  its  popularity  and  renown.  But  then  come  the 
thinkers,  the  men  who  read  a  work  not  with  a  view  to  ascertain  what 
it  says,  but  what  it  means  ;  many  of  them,  perhaps,  with  as  strong  a 
bias  as  the  author  himself,  but  in  the  opposite  direction ;  and  to  these 
the  book  has  been  in  a  great  measure  a  disappointment,  for  it  is  rather 
a  story  of  the  grievances  of  one  gun  manufacturer,  and  a  disapproval 
of  the  favouritism  shown  to  another  (who  received  his  appointment 
under  a  ministry  professing  political  views  which  were  until  recently 
believed  to  be  opposed  to  l£ose  of  the  author),  than  what  it  professes 
to  be,  namely,  a  history  of  our  scientific  progress  in  the  manufacture 
of  guns  and  rifles.  And  whilst  we  were  toiling  wearily  through  the 
narrative  of  Mr.  Whitworth's  wrongs  and  of  Sir  William  Armstrong's 
unwarranted  promotion,  couched  in  language  whereof  it  is  difficult  to 
say  which  of  three  qualities  it  best  conceals — official  caution,  the  pun- 
gency that  characterizes  the  lower  house,  or  the  polite  conventionality 

•  •  The  Story  of  the  Guus.'    By  Sir  James  Emerson  Tonnent,  K.C.S.,  LL.D., 
F.B.S.    Longmant». 
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of  "  anotlier  place," — we  could  not  help  feeling  that  if  eyer  a  cause 
had  been  lost  by  too  much  pleading,  it  was  in  the  case  before  us. 

It  matters  not  how  true  every  alleged  fact  may  be,  there  is  from 
beginning  to  end  of  the  work  such  a  palpable  animus,  and  the  same 
statements  and  contrasts  are  so  frequently  reiterated  to  the  prejudice 
of  Sir  William  Armstrong,  and  dwelt  upon  so  significantly,  that  a 
great  portion  of  what  should  have  given  scientific  interest  to  the  work 
is  completely  cast  into  the  shade  by  the  political  attack. 

Having  thus  given  expression  to  our  discontent  at  the  author's 
mode  of  treating  this  portion  of  his  subject,  and  acting,  as  we  believe, 
with  more  generosity  than  if  we  had  retailed  any  of  the  episodes  in  the 
story  of  the  Gunmdkers  which  he  has  published,  we  proceed  to  glance 
rapidly  over  the  contents  of  the  volume.  The  first  part  of  the  work 
is  devoted  to  the  history  of  the  musket  and  rifie,  commencing  with 
"  Brown  Bess,"  and  closing  with  the  triumph  of  the  "  Whitworth*'  over 
the  "  Enfield."  Although,  of  course,  the  work  refers  i-ather  to  the 
past  of  the  Enfield  rifle  than  to  its  present  state,  it  being  described 
not  as  it  is,  but  as  it  was,  we  have  some  very  interesting  comparisons 
between  the  early  performances  of  the  two  weapons  last  named  ;  and 
these  have  been  illustrated  very  effectively  by  drawings  of  two  targets, 
which  exhibit  the  relative  shooting  made  by  the  two  rifles. 

Let  us  mention,  in  passing,  that  we  have  seldom  seen  a  work  so 
admirably  illustrated,  the  subjects  for  illustration  being  so  well 
selected,  and  the  execution  so  perfect,  that  explanations  are  hardly 
requisite,  and  a  glance  over  the  plates  suffices  to  afford  a  good  idea  of 
the  recent  development  in  the  fabrication  of  arms  of  offensive  warfare. 
The  bullet-marks  on  the  Enfield  rifle  target  are  scattered  about  in 
every  direction,  many  of  them  touching  the  very  edges  of  the  target, 
and  very  few  approaching  the  centre  ;  whilst  in  the  Whitworth  target, 
every  mark  is  within  one  of  the  four  central  squares  (there  are  in 
each  target  20  shot-marks,  and  42  squares),  and  many  of  them  imx)inge 
upon  the  centre  lines  of  the  target. 

From  the  consideration  of  small  arms,  the  author  passes,  in  his 
second  Part,  to  that  of  ordnance,  and  here  again  we  have  a  most  inter- 
esting and  graphic  description  of  the  various  guns  which  have  either 
had  their  hour  and  have  passed  away,  or  which  are  still  in  use  here  or 
elsewhere;  amongst  English  rifled  guns  we  have  an  account  of  the 
"Lancaster,"  "Whitworth,"  "  Bashley  Britten,"  "Lynall  Thomas," 
"  Jeffery,"  "Hadden,"  "Scott,"  and  "Armstrong,"  with  sections  of  all 
but  the  two  first  inserted  on  two  opposite  pages  to  exhibit  their  respective 
systems  of  rifling.  Keference  is  made,  too,  to  the  French  "  canons  rayes" 
and  to  the  monster  gun  forged  by  the  Mersey  Steel  Company  at  Liver- 
pool. This  gun  weighs  above  24  tons,  and  discharges  a  spherical  ball 
300  lbs.  in  weight ;  and  some  idea  may  be  formed  of  its  effect,  by  a  refer- 
ence to  the  frontispiece  which  represents  the  feunous  "  Warrior  Target," 
and  exhibits  the  havoc  made  on  it  by  this  gun,  as  compared  with  the 
Whitworth.  The  remainder  of  the  second  part  is  taken  up  with  the 
history  of  Sir  William  Armstrong,  Mr.  Whitworth,  and  their  respec- 
tive inventions  ;  and  we  are  told  by  the  author  that  the  mode  of  dealing 
adopted  towards  inventors  by  the  State  and  the  of&cial  appointment 
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of  Sir  William  Armstrong  have  rendered  any  considerable  improve- 
ment in  our  offensive  arms  a  matter  of  great  diifficolty.  For  althongli 
Sir  William  has  resigned  his  appointment,  and  therefore  leaves  the 
Government  &ee  to  deal  with  whom  it  likes,  our  author  tells  us  that 
the  outlay  which  has  already  been  incurred  "  operates  practically  as  a 
bond  by  which,  under  a  penalty  of  two  millions  and-a-half  sterling, 
the  country  is  deterred  from  attempting  any  change."  * 

Before  finally  passing  away  from  the  question  of  the  "  contest," 
we  will  say  that  it  leaves  this  impression  upon  the  mind  of  a  dis- 
interested reader.  One  cannot  help  regretting  that  Sir  William  did 
not  act  more  consistently  after  he  had  "  made  a  gift"  of  his  invention 
"  to  her  Majesty  and  her  successors  without  any  pecuniary  or  other 
valuable  consideration ;"  or  that,  instead  of  laying  himself  open  to  the 
imputation  of  having  given  his  gun  for  a  purpose,  he  did  not  require 
50,000Z.  or  100,000Z.  for  so  great  and  valuable  a  safeguard  to  his 
country.  But,  on  the  other  hand,  when  we  are  told  that  a  man  of 
known  repute,  who  had  been  in  constant  communication  with  the 
Government,  is  suddenly  thrust  aside  when  his  services  are  most 
needed  and  on  a  pressing  emergency,  and  another  comparatively  un- 
known is  preferred  before  him  for  a  duty  of  immense  responsibility, 
we  cannot  but  feel  that  there  must  have  been  some  shortcoming,  some 
want  of  energy  and  promptitude,  which  caused  his  rival  to  be  taken 
by  the  hand.  Whether  or  not  we  have  formed  this  opinion  without  a 
sufficient  basis,  our  readers  will  have  an  opportunity  of  judging  when 
we  come  to  speak  of  more  recent  experiences  than  those  referred  to 
in  the  volume  before  us. 

The  Armstrong  gun  has  been  a  very  dear  experiment,  but  it  was 
rendered  much  more  costly  by  the  dispatch  that  was  requisite  in  order 
to  atone  for  the  previous  apathy  of  the  Government ;  and  it  is  im- 
possible to  say  what  dangers  have  been  averted  from  our  shores 
through  the  energy  and  promptitude  of  the  man  to  whom  the  task  of 
strengthening  our  means  of  defence  was  confided.  Let  us,  therefore, 
not  spurn  the  bridge  that  has  carried  us  safely  over  our  difficulties. 

In  speaking  of  the  ''  Iron  Navy  "  in  the  remaining  portions  of  his 
work,  the  author  tells  us  of  the  early  £Ekilures  of  the  most  powerful 
guns  to  project  a  missile  through  the  plated  sides  of  a  man-of-war. 
He  refers  to  the  valuable  services  of  the  Iron-plate  committee,  of 
whom  one  of  the  ablest  ogid  most  useful  members  is  Dr.  William 
Fairbaim,  of  Manchester,  and  to  the  results  attained  through  the 
experiments  of  that  committee,  the  progress  of  the  offensive  and  de- 
fensive art  being  traced. to  the  time  of  his  going  to  press. 

Finally,  he  closes  a  work  which,  in  spite  of  its  serious  defects,  is 
destined  to  take  its  place  amongst  our  standard  books  of  reference  in 
this  branch  of  science  (its  tone  and  method  frequently  reminding  us 
of  the  labours  of  the  late  respected  minister  of  war,  Sir  George  Lewis), 
with  an  admirable  and  scholarlike  peroration,  wherein  he  recommends 
the  admittance  of  all  deserving  inventors  into  the  ranks  of  competitors 

*  How  much  more  is  this,  wfe  would  ask  the  author,  than  it  cost  us  to  prepare 
for  tlie  dotence  of  Canada  during  the  *  Trent '  affair. 
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for  the  Bupply  of  anns  to  the  State,  and  winds  up  with  the  patriotic 
declaration  that  "  the  abiding  interests  of  the  country  will  henceforth 
require  that  the  man  who  reaches  the  high  eminence  of  giving  his 
name  to  the  anns  under  whose  protection  the  nation  reposes,  should 
hold  it  by  no  other  tenure  than  that  of  uncontested  superiority." 
And  we  trust  the  author  will  permit  us  to  add,  that  the  triumphant 
candidate  may  rest  assured  that  his  services  will  be  as  highly  esteemed 
by  the  nation  as  are  those  of  the  man  who,  thi'ough  the  prompt  appli- 
cation of  an  arm  which  he  acknowledges  to  be  imperfect,  did  much,  at 
a  period  of  pressing  danger,  to  save  his  country  from  a  serious 
infliction,  and  who  at  the  present  moment  takes  a  very  high  rank 
amongst  the  scientific  men  of  his  country. 

There  are  three  conditions  which  our  manufacturers  of  ordnance 
and  of  iron  are  endeavouring  at  present  to  fulfil,  in  order  to  secure  a 
gun  that  will  have  a  reasonable  chance  of  success  in  action. 

First,  a  sufficiently  extensive  range,  with  accuracy  of  aim ;  secondly, 
convenient  proportions ;  and  thirdly,  a  suitable  projectile. 

For  an  attack  upon  forts,  especiiJly  where  these  are  rendered  un- 
approachable through  natural  or  artificial  obstacles,  or  where  the  attack 
if  made  toithaut  due  care,  might  involve  the  destruction  of  property  or  life 
which  it  would  he  desirable  to  spare,  the  first  condition  is  indispensable, 
and  the  author  of  the  work  we  have  just  noticed  tells  us  that  Mr. 
Whitworth's  rifled  ordnance  has  carried  off  the  palm  in  this  respect, 
one  of  his  12-pounder  guns  having  projected  a  shot  nearly  six  miles. 
We  believe  that  no  ne^v  feature  of  importance  has  transpired  in  this 
respect  since  the  work  was  published,  and  we  therefore  pass  on  to  the 
consideration  of  the  second  and  third  objects. 

Until  very  recently  the  greatest  desideratum  has  been,  and  we 
believe  at  head-quarters  it  is  still,  to  obtain  a  convenient  "  broadside 
gun  "  which  can  be  easily  managed  in  a  heavy  sea,  and  will  do  execu- 
tion at  between  200  and  2,000  yards  against  an  enemy  similarly 
armed  and  heavily  plated.  Such  guns  we  have  in  our  68  and  110- 
pounders,  and  here  again  Sir  James  Tennent  awards  to  Mr.  Whitworth 
the  credit  of  having  constructed  the  first  that  could  send  a  shot  through 
armour-plate  4^  inches  in  thickness.  This  he  effected  with  an  80- 
pounder  gun,  a  charge  of  about  12  lbs.  of  powder,  and  a  cylindrical 
bolt  of  "  homogeneous  metal,"  driving  his  shot  at  a  range  of  200  yards, 
through  the  armoiur-plate  of  the  *  Trusty,*"  a  vessel  specially  devoted  to 
■such  experiments.* 

But  now  we  have  a  hint  from  the  heads  of  the  departments  as  to 
the  cause  of  the  want  of  co-operation  between  Mr.  Whitworth  and 

*  We  are  however  informed  by  a  good  authority,  that  the  first  gun  which  over 
penetrated  a  thick  armoar-plated  target  was  made  at  Liverpool  for  the  United 
States  GoTernment.  This  gun  projected  a  missile  which  (in  America)  pierced 
a  target  plated  to  the  thickness  of  6  inches,  and  built  up  of  ^inch  plates.  The 
backing  was  3  feet  of  solid  oak,  which  the  missile  also  penetrated,  lodging  in  it 
so  deeply  that  it  was  never  recovered.  The  gun  weighed  7  tons  17  cwt..  with  a 
here  of  12  inches,  and  carrying  a  spherical  shot  of  212  lbs.  Mr.  Whit  worth's  gun 
and  the  "  Monster  gun"  were  subsequently  tried  on  the  game  day  at  Liverpool, 
and  we  believe  that  both  were  equally  succcstiful. 
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themselyes.  During  a  recent  discnssion  in  tHe  House  of  Lords,  the 
Earl  of  Hardwicke  referred  to  this  gun,*  and  recommended  that  such 
guns  should  be  supplied  to  the  service.  The  reply  of  the  Duke  of 
Somerset  was  that  they  had  been  anxious  to  have  such  guns,  but  that 
Mr.  Whitworth  was  not  able  to  deliver  them,  and  subsequently  Earl 
de  Grey  and  Eipon  informed  the  House  that  a  committee  was  appointed 
in  1863,  on  which  Sir  William  Armstrong  and  Mr.  Whitworth  were 
respectively  represented ;  that  the  instructions  of  this  committee  were 
shown  to  both  gentlemen,  and  that  a  certain  number  of  guns  was 
ordered  fix)m  each  competitor. 

'*  The  guns  so  ordered  were  12-pouDders  and  TO-pounders.  In  a  short 
time  the  12-pounders  were  delivered,  but  Mr.  Whit  worth's  70-pounders 
had  not  been  sent  in  yet,  and  from  the  time  when  it  closed  its  evidence 
the  committee  had  done  nothing  except  repeatedly  calling  upon  Mr. 
Whitworth  to  produce  his  70-pounders.  That  was  the  reason  why  the 
inquiry  had  been  stopped.  Mr.  Whitworth  himself  accounted  for  the 
delay  by  allowing  the  difficulties  he  experienced  in  getting  the  steel  which 
he  required. 

The  supporters  of  the  gentleman  last  named  maintained  until 
recently  that  it  was  only  a  shot  such  as  we  have  described,  a  flat- 
fronted  cylindrical  bolt  of  homogeneous  metal,  which  would  penetrate 
armour-plates  of  great  thickness,  and  as  feu*  as  the  substance  is  con- 
cerned their  views  are  pretty  accurate.  Indeed  in  the  debate  just  re- 
f erred  to,  the  Duke  of  Somerset  is  reported  to  have  said,  that  '*  if  they 
fired  with  a  cast-iron  shot,  the  effect  was  trifling.  Indeed  they  might 
almost  as  well  Are  mud  at  the  target,  unless  the  projectile  was  of  a 
very  hard  substance."  And  he  further  told  their  lordships  that  '*  no 
sooner  had  they  obtained  a  hard  projectile  than  not  only  Mr.  Whit- 
worth's,  but  Sir  William  Armstrong's  gun  would  fire  a  shot  that  would 
penetrate  an  iron  plate." 

He  referred  also  to  an  experiment  that  had  been  tried  a  few  days 
previously,  and  of  which  the  details  were  published  in  *  The  Times.' 
They  prove  most  satisfactorily  that  the  form  of  the  shot  is  by  no 
means  so  important  a  matter  as  it  has  been  stated,  provided  the  ma- 
terial be  a  suitable  one,  and  that  at  close  quarters  an  ordinary  smooth- 
bore gun  will  answer  every  purpose. 

Being  the  last  experiment  that  has  been  tried  at  the  time  we  write, 
we  will  give  our  readers  an  account  of  it,  as  received  from  an  eminent 
and  experienced  eye-witness. 

The  trial  was  made  in  Portsmouth  Harbour  in  the  month  of 
January,*  in  the  presence  of  many  able  scientific  men,  both  civil  and 
military,  and  the  object  aimed  at  was  the  side  of  the  Target-ship, 
'Monarch.'  The  gun  was  a  plain  muzzle -loading,  smooth-bore  110- 
pounder,  weighing  six  tons,  and  having  a  diameter  of  six  inches 
throughout ;  in  dimensions  and  outward  appearance  it  resembled  the 
old  68-pounder  service  gun  (95  cwt.)  ;  it  was  made  at  Woolwich,  and 
was  called  an  *  Armstrong.'  With  a  charge  of  25  lbs.  of  powder  it 
projected  a  spherical  shot,  weighing  about  100  lbs.,  at  200  yards 

*  He  called  it  a  70-pounder,  but  we  presume  it  to  be  the  same. 
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range,  clean  throngh  a  4^-inch  plate  of  good  iron ;  and  made  such 
havoc  in  the  ship's  side,  that  the  aperture  was  used  by  the  sailors  for 
iugress  and  egress  as  a  porthole.  The  great  secret,  it  appears,  laj 
in  the  shot,  which  was  manufactured  by  the  Messrs.  Firth  of  Sheffield. 
It  was  of  cast-steel,  estimated  by  our  informant  to  have  been  worth 
about  80Z.  per  ton  ;  but  he  added  that  this  would  be  quite  immaterial, 
for  one  such  shot  would  produce  a  more  serious  effect  than  a  whole 
broadside  from  any  of  her  Majesty's  vessels.  Of  this  more  hereafter. 
A  second  experiment  was  tried  with  a  round  shot,  made  of  Bessemer 
steel.  This  passed  throngh  a  plate  of  5^  inches  thick  (same  range), 
but  although  the  ship's  timbers  were  much  shattered,  the  ball  did  not 
pass  through  them,  but  lodged  in  them  along  with  some  pieces  of 
plate.*  With  a  case-hardened,  wrought-iron  shot  the  same  effect  was 
obtained  against  a  4^inch  plate  as  hckd  been  produced  upon  the  5^-inch 
plate  in  the  experiment  last  referred  to,  showing  therefore  that  the 
steel  shot  made  at  Sheffield  deserved  the  most  confidence,  and  thai 
thai  confidence  has  its  money  value. 

In  &ct  the  whole  question  appears  to  be  one  of  pounds,  shillings, 
and  pence,  and  the  more  we  consider  it,  the  better  satisfied  are  we  that 
it  is  not  yet  the  time  to  talk  about  economy ;  for  our  experience  has 
still  to  be  purchased,  and  the  sooner  we  obtain  it  the  better. 

"  The  French  frigates,"  says  *  llie  Times '  in  a  leader,  "  carry  guns 
of  very  moderate  weight  and  calibre,  but  these  guns  are  rifled  so  as 
to  have  a  long  range,  and  are  supplied  with  shot  of  a  peculiar  material 
for  special  use  against  iron  plates.  Our  own  68-pounder8  have  con- 
siderable power  at  close  quarters,  but  no  range;  our  110-pounders 
have  long  range  and  great  accuracy,  but  were  not  found  effective  against 
solid  plates,  except  with  a  particular  species  of  projectile.  The  actual 
state  of  things  as  regards  our  naval  ordnance  may  be  very  briefly  described. 
We  have  large  guns  which  will  send  their  shot  through  sohd  armour- 
plates,  but  these  are  too  large  for  broadside  guns,  and  can  onlvbe  carried, 
therefore,  in  some  fashion  not  yet  naturalized  in  our  navy.  We  have  the 
68  and  110-pounders  above  specified,  and  we  have  now  also  manufactured, 
but  not  yet  ibsued,  a  smooth-bore  llO-poimder  capable  of  sustaining  a 
charge  of  25  lbs.  or  30  lbs.  of  powder,  and  of  piercing  a  S^-inch  plate.  But 
this  new  piece,  though  making  fair  practice  at  2,600  yards,  has  not  the 
accuracy  of  a  rifled  cannon  ;  and  what  we  want  therefore,  but  have  not 
yet  got,  is  a  gun  which  shall  combine  the  accuracy  produced  by  rifling  with 
the  power  required  against  solid  armour."  f 

But  there  are  other  questions  which  press  themselves  upon  the 
attention  of  those  who  consider  the  present  transitional  state  of  our 
armaments.  If  it  be  difficult  to  obtain  *'  broadside  "  guns,  but  if,  on 
the  other  hand,  a  single  shot  of  a  very  expensive  material  may  be  fired 
from  an  ordinary  gun,  with  the  damaging  effect  of  a  *'  broadside,"  will 
not  this  last  take  its  departure  wiiSi  l£e  ^'  wooden  walls,"  and  give 

*  This  experiment  was  mentioned  by  his  Grace  the  Duke  of  Somerset,  but 
our  informant  aeems  to  regard  it  as  the  less  successful  of  the  two,  as  the  ball 
lodged  in  the  backing.  It  is  necessary  to  watch  these  experiments  carefully,  for 
here  we  have  not  only  rival  gunmakers,  but  also  rival  steel  manufacturers. 

t  We  do  not  know  whence  *  The  Times'  derives  these  particuLars,  nor  what 
particular  gun  is  referred  to.    . 
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place  to  three  or  four  heavy  cannons,  which  will  do  the  work  with 
more  effect  at  a  greater  range  ?  To  this  subject  a  reference  was  recently 
made  by  a  correspondent  in  '  The  Times/  and  when  duly  weighed  it 
appears  most  important.  In  addition  to  doing  the  work  more  effectively 
at  the  least  cost  in  the  long  run  (for,  of  course,  fewer  guns  will  require, 
proportionately,  less  men),  we  have  the  fact  that  such  a  change,  by 
lightening  the  weight  of  the  equipment,  would  admit  of  the  application 
of  a  heavier  armature,  and  there  would  thus  be  gained  a  more  powerful 
means  of  attack,  a  more  obstinate  resisting  medium,  less  expenditure 
of  money,  and  less  waste  of  life. 

For,  after  all,  it  is  our  military  engineers  who  should  have  these  latter 
objects  in  view  in  all  their  schemes  of  offence  and  defence.  Although 
we  are  not  members  of  the  Peace  Society,  we  sympathize  with  those 
who  are  constantly  laying  stress  upon  the  fact,  that  war  is  not  only  a 
bloody,  but  a  costly  game ;  a  game  which  will  only  be  played  out  when 
the  belligerents  discover  that  the  stakes,  in  every  case,  amount  to  more 
than  the  prizes.  Duelling  has  ceased  to  be  the  fashion,  because  less 
courage  and  dexterity  are  required  to  put  a  ball  into  the  body  of  a 
man,  at  100  yards,  than  to  pierce  him  through  with  a  rapier  ;  and  as 
war  becomes  more  mechanical,  and  the  cost  is  increas^,  whilst  the 
occasions  for  the  display  of  prowess  become  less  frequent ;  when  man 
finds  that  it  is  no  longer  a  question  of  the  strongest  arm,  but  of  the 
toughest  steel — then  he  will  begin  to  open  his  eyes  to  the  fact  that  he 
is  not  a  fighting,  but  a  reasoning  creatiu*e  ;  and  that  if  the  Almighty 
had  meant  to  make  him  resemble  a  tiger,  intending  that  he  should 
settle  his  differences  by  brute  force.  He  would  have  furnished  him 
with  claws,  and  with  a  much  smaller  and  less  convoluted  brain  than 
that  of  which  he  now  stands  possessed. 


THE  INDUSTEIAL  EESOURCES  OF  THE  NORTH 

COUNTRY.* 

It  is  always  of  interest  to  note  the  onward  march  of  human  industry — 
to  see  man  advancing  from  point  to  point,  subduing  nature,  and  making 
each  conquest  a  standing  place  upon  which  to  apply  his  knowledge. 

Upon  this  ground,  especially,  are  we  pleased  with  the  handsome 
volume  which  has  been  issued  under  the  auspices  of  some  eminent  mem- 
bers of  the  Coal-trade  of  Newcastle,  and  of  the  Institute  of  Mining 
Engineers,  informing  us  of  the  Industrial  resources  of  the  Tync,  Wear, 

*  *  The  Industrial  Besources  of  the  District  of  the  Three  Nori^hern  Rivers — 
the  Tyne,  Weaj,  and  Tees,'  &c.  Edited  by  Sir  William  Armstrong,  J.  Lowthian 
Bell,  Esq.,  J. Taylor,  Esq.,  and  Dr.  Bichardson.  Longman,  London;  Beid,  New- 
castle. 

*  A  History  of  the  Trade  and  Manufactures  of  the  Tyne,  Wear,  and  Tecs,*  &c. 
Second  Edition.    Spon,  London  ;  Lambert,  Newcastle. 

*  A  Handbook  to  Ncwcastle-on-Tyne/  By  tho  Ivcv.  J.  Cullingwood  Bhum-, 
LL.D.,  F.S.A.    Lougman,  London  ;  Kcid,  Newcabtlc. 
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and  Toes.  This  title,  indeed,  scarcely  expresses  the  real  character  of 
the  Yolumc.  Jt  is  rather  an  account  of  the  present  state  of  man's 
industry  upon  the  banks  of  those  rivers,  and  an  indication  of  rcsoiuccs 
Avhich  are  yet  to  be  made  available.  Throe  livei^  lising  amidjst  the 
varied  scenery  of  the  Mountain-Limestone-hills  of  Durham,  Cum- 
berland, and  Northumberland  have  gathered  upon  their  margins  some 
of  the  most  remarkable  evidences  of  man's  power  which  this  country 
can  present  to  the  inquirer ;  and  of  these,  the  several  writers,  who  have 
contributed  to  these  volumes,  have  endeavoured  to  furnish  genuine 
infoiiuation. 

The  two  works  which  stand  first  on  our  list  are  almost  the  same 
in  matter.  The  first  appears  as  a  handsome  royal  octavo  volume,  with 
excellent  maps,  sections,  and  plates.  The  second  is  very  humble  in 
its  appearance,  and  has  neither  maps  nor  plates.  Both  are,  however, 
reprints  of  the  address  delivered  by  Sir  William  Armstrong,  and  of  cer- 
tain papers  read  before  the  different  sections  of  the  British  Association, 
"  revised  and  corrected  by  the  writers.*'  In  the  first,  these  papera  take 
the  form  of  special  reports ;  in  the  second,  they  are  given  as  isolateil 
papers,  and  the  larger  and  illustrated  volume  adds  important  "  Beports 
on  the  Improvements  introduced  in  the  Rivers  of  the  District." 

The  little  volume  which  stands  last  on  our  list,  is  one  of  the  most 
complete  ^* Handbooks"  which  has  ever  fallen  into  our  hands.  Its 
iircheeological  and  descriptive  division  being  the  work  of  a  man  eminent 
in  that  department  of  knowledge,  while  the  poilion  devoted  to  the 
manufactures  of  Newcastle  has  been  produced  by  the  mayor  of  that 
town,  who,  by  his  vocation  and  special  knowledge,  is  pecuUai'ly  fitted 
for  the  task. 

With  this  notice  of  the  general  character  of  these  books  we  leave 
them,  except  in  as  far  as  they  aid  in  obtaining  a  correct  knowledge  of 
the  present  state  and  of  the  prospects  of  those  industries  which  come 
under  notice. 

The  present  annual  produce  of  coal  from  the  Great  Northern  coal- 
field is  given  by  the  reporters  at  21,777,570  tons.  This  is  somewhat 
in  excess  of  the  quantity  given  in  the  "  Mineral  Statistics  of  the  United 
Kingdom."  The  vend  of  coals  both  Coastwise  and  Foreign,  was,  in 
1791,  2,079,605,  which  advanced  in  1862  to  10,134,790  tons ;  the  re- 
mainder having  been  consumed  in  the  manufactures,  railways,  and 
mines,  and  for  domestic  purposes  at  home. 

With  this  great  drain  upon  a  limited  area,  the  question  raised  by 
Sir  William  Armstrong,  of  the  duration  of  the  supply,  becomes  a  most 
important  one.  In  our  last  number,  however,  we  gave  this  subject 
sufficient  attention.  The  engineering  of  coal-mining  is  clearly  tretited 
of.  Boring,  coal-cutting,  coal-washing,  ventilation,  and  lighting 
coming  under  notice.  1  he  coal-cutting  machine  of  Donesthorpe  and 
Co.  is  especially  noticed ;  and  the  reporters  say : — "  We  shall  thus  be 
enabled  to  work  profitably  seams  of  coal  varying  from  one  foot  six 
inches,  to  two  feet  in  height,  or  even  lower,  and  thus  vastly  prolong  the 
duration  of  the  coal-field."  This  view  was  not  embraced  in  our  notice 
of  the  coal-cutting  machines  in  our  last  number. 
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We  could  have  dcsirod  a  more  extended  notice  of  Coke  manufacture 
than  that  which  has  been  given. 

The  paper  on  Iron,  by  Mr.  J.  Lowthian  Bell,  is  a  most  important 
one,  and  to  the  date  of  its  production  it  may  be  said  to  have  exhausted 
the  subject,  forming,  as  it  were,  the  balanced  ledger  of  the  ironmaster. 
From  this  paper  we  learn  the  production  of  Pig  Iron,  for  throe  years, 
to  have  been : — 


Northumberland    .    .    . 

Durham 

Yorkshire— North  Biding 


I860. 
Tons. 

60,093 
3i0,921 
2  i8,GG5' 


18BI. 
Tuns. 

73,2tJ0 
3  J  2,030 
234,(556 


1862. 
TuiiB. 


46,586 
337.218 
283,398 


658,679        629,94U        667,202 


There  wore  646  puddling  furnaces  in  action.  **  The  united  power 
of  all  these  works  will  be  equal  to  an  annual  production  of  340,000 
tons,  and  probably  the  actual  make  during  the  year  1862  may  have 
amounted  to  800,000  tons."  The  manufjEusture  of  steel  is  treated  of  Ln 
a  very  brief  paper  by  Mr.  Spencer. 

The  local  manufactures  of  lead,  copper,  zinc,  antimony,  &c.,  have 
been  treated  of  by  Mr.  Sopwith  and  Dr.  Eichardson.  Mr.  Sopv\ith 
has  naturally  dealt  with  the  lead  mines  of  the  district,  and  given  a 
concise  account  of  Alston  Moor,  Weardale,  and  Teesdale.  In  1862  the 
Cumberland  division  gave  5,241  tons  of  lead,  and  41,911  ounces  of 
silver;  Durham  and  Northumberland  giving  16,454  tons  of  lead,  and 
82,854  ounces  of  silver. 

The  copper  ore  raised  in  those  counties  is  very  small,  but  some 
copper  is  obtained  from  the  sulphur  ores  (Iron  Pyrites)  which  are 
employed  in  the  manufacture  of  sulphuric  acid.  Zinc  is  obtained  in 
small  quantity.  The  ores  of  antimony  are  all  imported.  In  addition 
to  these  papers,  Mr.  J.  Lowthian  Bell  has  given  a  notice  of  the  manu- 
facture of  aluminium,  this  paper  concluding  the  series  devoted  to  the 
production  of  the  metals. 

The  Chemical  manufactures  of  the  district  have  been  described  by 
Dr.  Richardson,  Mr.  J.  C.  Stevenson,  and  Mr.  R.  Calvert  Clapham. 
The  total  value  of  the  products  of  these  industries  is  stated  to  be 
145,520Z.  sterling. 

As  an  Appendix  to  this,  we  have  a  note  on  the  recent  discovery  of 
Salt  at  Middlesbro'.  Messrs.  Bolckow  and  Yaughan  being  anxious  to 
obtain  a  supply  of  fresh  water  for  their  iron  works,  commenced,  about 
four  years  ago,  to  sink  a  shaft  for  this  purpose.  This  well  did  not 
answer  their  expectations,  and  a  very  large  bore -hole  was  put  down 
from  the  bottom  of  the  shaft.  The  strata  passed  through  are  in  the 
upper  New  Bed  Sandstone,  or  the  same  in  which  the  Cheshire  rock- 
salt  is  found.  In  August,  the  depth  attained  was  217  fathoms — ^the 
last  100  feet  being  through  a  bed  of  salt — at  the  bottom  of  which  they 
had  not  at  that  time  arrived.  It  is  impossible  to  overrate  the  import- 
ance of  such  a  discovery  to  this  district,  where  the  consumption  exceeds 
100,000  tons  per  annum. 

Clay  wares  and  glass  are  manufactures  which  have  been  long  esta- 
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bliahed  on  tlie  Tyne.     They  are  succinctly  described,  and  the  annual 

value  stated  to  be  as  follows  : — 

£ 

Glaas 638,000 

Earthen  ware     .    i 190,000 

i^'ire-clay  Goods 228,650 

£1,066,650 

The  manufactures  of  Paper  and  Leather  are  briefly  reported  on;  but 
more  important  are  the  papers  on  "  The  Construction  of  Iron  Ships," 
by  Charles  H.  Pabner ;  and  on  *'  The  Engineering  Manufactures,"  by 
P.  Westmacott,  C.E.,  and  J.  F.  Spencer. 

Valuable  Appendices  introduce  us  to  Sir  W.  Armstrong,  who 
clearly  describes  the  construction  of  Wrought-iron  Rifled  Field-guns ; 
and  to  Mr.  John  F.  Tone,  C.E.,  who  takes  charge  of  "  Railways  and 
Locomotives." 

The  improvements  now  being  carried  out  on  the  rivers  Tyne  and 
Tees  are  described  by  Messrs.  Ure  and  Fowler  with  much  pre- 
cision. 

From  this  notice  of  these  volumes,  it  will  be  seen  that  a  large 
amount  of  energy  is  expended  upon  the  natural  advantages  of  this  im- 
portant Northern  Coal-fleld,  firom  which  we  may  expect  yet  more 
gigantic  results.  Sir  William  Armstrong  well  says—**  The  tendency 
of  progress  is  to  quicken  progress,  because  every  acquisition  in  science 
is  so  much  vantage  ground  for  fcesh  attainment.  We  may  expect, 
therefore,  to  increase  our  speed  as  we  struggle  forward ;  but,  however 
high  we  climb  in  pursuit  of  knowledge,  we  shall  still  see  lights  above 
us,  and  the  more  extended  our  view,  the  more  conscious  we  shall  be  of 
the  immensity  which  lies  beyond." 


QUALITATIVE  CHEMICAL  ANALYSIS.* 

This  book  has  been  long  and  favourably  known  to  the  British  public. 
It  is  par  excellence  the  standard  work  upon  the  subject  of  which  it 
treats ;  the  system  of  instruction  is  that  which  first  met  with  general 
adoption  in  this  country  by  the  student  in  analysis,  and  the  suc- 
cessive improvements  in  chemical  methods  and  research  have  from 
time  to  time  been  duly  chronicled ;  so  that  in  the  edition  just  now 
published  we  have  at  once  a  full  and  satisfactory  account  of  all  that 
is  known  on  the  subject.  By  the  insertion  of  a  large  amount  of  new 
matter  the  dimensions  of  the  volume  have  been  greatly  augmented, 
the  present  edition  having  been  expanded  to  350  pages,  and  in  com- 
paring this  with  former  editions  it  is  manifest  that  the  introduction  of 
the  new  system  of  spectrum  analysis  has  added  much  to  the  impor- 

♦  •  A  System  of  Instruction  in  Qualitative  Chemical  Analysis.  By  Dr.  0. 
Remigiiifl  Fresenius.  Edited  by  J.  Lloyd  Bullock,  F.C.S.'  Sixth  Edition,  1804. 
London :  John  Churchill  and  Sons,  New  Burlington  Street 
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tance  of  the  work.  A  noteworthy  addition  is  the  beautifully  coloured 
frontispiece  illustrative  of  the  more  characteristic  spectra  among  the 
metallic  elements.  It  is  much  to  be  regretted  that  the  position  of  the 
single  green  ray  of  thallium  is  not  indicated  in  the  spectrum  chart ; 
but,  as  though  to  compensate  in  some  measure  for  this  omission,  a 
remarkably  good  account  of  the  new  metal  and  its  principal  reactions 
\\  ill  be  found  in  the  chapter  on  thallium.  The  most  approved  forms 
of  spectrum  apparatus,  particularly  those  devised  by  MM.  Kirchhoff 
and  Bunsen,  are  here  fully  described  and  illustrated  by  woodcuts.  The 
chapter  on  apparatus  generally  has  received  important  additions ;  we 
may  mention  especially  the  very  useful  instrument  recently  invented 
by  Professor  Graham,  and  known  by  name  as  the  '  Dialysor.'  Tlio 
application  of  this  instrument  in  the  detection  of  poisons,  and  the 
important  aid  it  is  likely  to  render  in  toxicological  examinations  by 
affording  a  simple  means  of  extracting  the  poisonous  principles  from 
the  host  of  heterogenous  organic  matters  with  which  they  are  com- 
monly associated,  are  treated  of  at  length  and  in  a  manner  suitable  to 
the  growing  importance  of  the  subject.  Special  instructions  are  laid 
down  for  the  recognition  of  the  vegeto-alkaloids, — a  class  of  bodies 
which  are  becoming  daily  of  more  extended  use  as  remedial  agents 
and  therefore  of  more  frequent  occurrence  as  objects  of  chemical 
study, — and  a  chapter  is  devoted  to  a  systematic  course  to  be  fol- 
lowed in  the  detection  of  unoxidized  phosphorus,  hydrocyanic  acid, 
arsenic,  strychnine,  &c.  In  short,  as  a  treatise  on  toxicology, 
'  Fresenius*  Analysis  '  can  be  confidently  recommended  :  and  in 
this  connection  the  numerous  illustrations  of  apparatus  employed  in 
the  detection  of  these  poisons  cannot  fail  to  be  highly  suggestive  to 
the  analyst  engaged  in  medico-legal  inquiries. 

The  leading  characters  of  the  rarer  metals,  e,g,  caBsium,  rubidium, 
thorium,  cerium,  lanthanum,  didymium,  and  even  erbium  and  terbium, 
are  pointed  out  under  their  respective  analytical  groups,  and  these 
particulars  are  printed  in  small  type  to  denote  their  minor  importance. 
In  consequence  of  the  foreign  origin  of  this  work  there  are  one  or  two 
trifling  instances  of  departure  from  the  ordinary  nomenclature  to  be 
observed,  thus,  the  earth  glucina  is  described  as  "  berylla,"  and  tho 
metal  tungsten  has  received  the  appellation  "  Wolframium."  The 
chemical  symbols  Be  and  W  partly  sanction  the  employment  of  these 
names,  but  by  the  same  rule,  the  common  potash  and  soda  would 
become  kalia  and  fiairia. 

The  system  of  analysis  adopted  throughout  is  that  which  has 
received  the  sanction  of  the  highest  authorities  both  in  this  country 
and  abroad ;  the  methods  of  separation  are  extended  occasionally  by 
the  necessity  for  giving  the  several  approved  modes  for  effecting  the 
object,  where  the  attainment  of  absolute  success  is  a  matter  of  some 
difficulty,  and  even  now  we  are  disposed  to  question  the  accuracy  of 
the  processes  reconmiended  for  the  separation  of  antimony,  tin,  and 
arsenic. 

In  the  body  of  the  work  are  given  full  directions  for  the  analytical 
examination  of  plant-ashes,  agricultmal  soils,  and  mineral  waters;  much 
of  the  information  upon  these  points  remains  substantially  identical  with 
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former  editions.  We  notice  particularly  that  the  organic  constituents 
of  drinking  waters  continue  to  be  described  under  the  indefinite  titles 
of  "  crenic  and  apocrenic  acids."  The  use  of  these  terms  cannot  be 
considered  satis&ctorj  at  a  time  when  they  are  never  employed  in 
chemical  reports.  It  must  be  admitted,  however,  that  the  identifica- 
tion of  dissolved  organic  matters,  and  the  determination  of  their 
amount  by  quantitative  analysis,  are  still  tBa  from  satisfactory,  and 
constitute  subjects  urgentiy  requiring  further  chemical  research. 
Again,  in  the  preparation  of  vegetable  ashes  for  the  purpose  of  iden- 
tifying and  determining  the  mineral  constituents  of  the  plant  it  woidd 
be  good  policy  to  abstain  in  all  cases  from  applying  such  a  degree  of 
heat  as  will  be  required  from  the  complete  incineration  of  the  organic 
structure,  inasmudi  as  the  employment  of  so  elevated  a  temperature  is 
sure  to  induce  the  loss  by  volatilization  of  a  certain  proportion  of  the 
alkaline  salts.  A  more  judicious  course  consists  in  using  no  greater 
heat  than  is  required  for  the  complete  charring  of  the  organic  matter, 
then  to  extract  with  water  in  order  to  remove  the  soluble  salts,  and 
afterwards  dry  and  bum  the  carbonaceous  residue  for  the  purpose  of 
recovering  the  remainder  of  the  mineral  salts. 

The  work  is  remarkably  well  printed,  and  free  from  errata.  The 
mode  of  division  into  chapters  and  paragraphs,  distinctiy  numbered, 
facilitates  reference ;  and  tiiere  is  much  satisfaction  in  being  informed 
of  the  authority  upon  which  a  statement  is  made,  and  the  name  has  been 
generally  given  between  parentheses.  A  very  useful  table  of  weights 
and  measures  concludes  the  volume.  There  are  some  repetitions  to 
be  noticed  in  the  analytical  details  prescribed  for  the  examination  of 
simple  and  of  complex  substances ;  but  these  are  only  such  as  could 
not  be  entirely  avoided  in  a  work  devoted  to  instruction.  Altogether, 
we  feel  strongly  disposed  to  recommend  this  treatise  to  the  favourable 
notice  of  the  student  in  chemical  analysis ;  and  must  remark,  in  con- 
clusion, that  the  sixth  edition  fully  maintains  the  high  character  of  a 
standard  work  which  "  Fresenius*  Analysis  "  has  so  long  enjoyed. 
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PAMPHLETS. 

Thb  Powbb  of  Ood  in  His  Animal  Cbbation.      Bj  Professor 

E.  Owen,  D.C.L.,  F.B.S.     Nisbet  * 

It  is  not  always  the  iconoclast  who  renders  the  greatest  services  to 
his  fellow-men.  Much  as  we  may  admire  the  courage  of  the  man  who 
steps  forth  boldly  from  the  crowd,  and  under  the  conviction  that  the 
idol  which  it  adores  must  be  broken  in  order  to  show  its  impotence, 
shatters  it  to  fragments ;  we  have  still  more  faith  in  him  who  quietly 
leads  the  terrified  worshippers  up  to  the  stone  image,  and  seeking  to 
soothe  their  apprehensions,  satisfies  them  by  the  touch  that  it  possesses 
no  life,  nor  yet  the  power  to  injure  or  befriend  them.  Errors  incul- 
cated during  long  ages  may  be  shaken  for  an  instant,  but  they  cannot 
be  eradicated  by  a  coup  d^Stat,  and  it  often  happens  that  a  gentle 
and  well-timed  remonstrance  has  a  more  lasting  influence  upon  the 
minds  of  men  than  the  loudest,  though  they  may  be  the  most  rightful 
denunciations. 

We  have  before  us  an  illustration  of  this  fact  in  the  delivery  of  the 
present  lecture  to  the  Toung  Men's  Christian  Association,  in  which 
Professor  Owen  has  not  only  rendered  an  important  service  to  science, 
but  has  displayed  great  moral  courage  in  planting  the  banner  of  pro- 
gress and  free  discussion  upon  the  walls  of  a  fortress  that  few  younger 
men  would  have  ventured  to  storm.  In  direct  opposition  to  the  pre- 
conceived views  entertained  by  the  large  majority  of  his  hearers  on 
theological  subjects,  he  stated  firmly,  but  temperately,  the  results  of 
modem  scientific  research,  most  widely  at  variance  with  the  tenets  of 
many  orthodox  theologians,  and  gave  additional  force  to  his  uncom- 
promising assertions,  by  selecting  only  those  topics  which  are  no  longer 
open  to  debate. 

The  vast  assemblage  of  his  hearers,  lay  and  clerical,  men  and 
women  of  every  age  and  temper,  would  be  nearly  unanimous  in  the 
belief  that  the  world  is  about  6,000  years  old,  and  that  the  whole 
fabric,  with  its  living  denizens,  was  formed  perfect  in  seven  days  of 
twenty-four  hours ;  but  he  told  them  that  the  researches  of  science 
iiave  led  to  the  certainty  that  such  a  period  is  utterly,  ^<  nay,  absurdly 
inadequate,"  for  the  Divine  operations  as  they  are  conducted,  to  have 
prepared  and  peopled  the  dry  land. 

He  assured  them  further,  that  instead  of  physical  death  having 
come  into  the  world  with  the  "  fall,''  "  life  has  been  enjoyed  during 
the  same  countless  thousand  of  years ;  and  that  with  life,  from  its 
beginning,  has  been  death."  And  by  means  of  a  diagram,  showing  the 
geological  and  pals&ontological  history  of  the  past,  with  the  traces  of 
man,  osseous  and  archasological  (if  we  may  so  call  them),  he  exhibited 
to  them  the  indisputable  evidence  of  his  great  antiquity. 

And  should  even  the  Darwinian  theory  of  the  natural  selection  of  new 

*  A  Lecture  delivered  in  Exeter  Hall  before  the  Young  Men's  Christiaii 
Association. 


1864.]  Pamphlets.  876 

species  through  secondary  agencies  ever  come  to  be  an  acknowledged 
law,  Professer  Owen  will  have  done  mnch  to  prepare  these  yonng  men 
for  its  reception,  for  after  showing  them  that  the  Creator  has  brought 
all  his  works  to  perfection  by  a  gradual  development,  he  told  them  that 
''just  as  death  is  met  by  birth,  so  extinction  has  been  balanced  by 
creation,  that  is,  a  constant  and  continuous  operation  of  Creative 
Power,  which  has  produced  a  succession  of  species ;"  also,  that  ''  we 
discern  no  evidence  of  pause  or  intermission  in  the  creation  or  coming 
to  be  of  new  species  of  plants  and  animals."  And  lest  there  should  be 
any  mistake  as  to  his  meaning,  he  repeats  his  belief  in  "  the  world's 
vast  age,  and  in  the  unintermittence  of  creative  acts,"  notwithstanding 
that  such  views  may  be  regarded  by  some  of  his  hearers  with  "  abhor- 
rence." Professor  Owen  hoped,  however,  that  there  were  no  such 
prejudiced  persons  in  his  auditory. 

Nor  did  he  confine  his  admonitions  to  his  lay  hearers.  He  spoke 
to  the  clerical  portion  of  his  audience  of  the  futility  of  attempting, 
to  put  a  litend  interpretation  upon  symbolic  texts  in  Scripture,  as 
though  they  were  statements  of  matter-of-fact.  His  illustration  he 
drew  from  the  supposed  erect  attitude  of  the  serpent  before  the  tempt- 
ation of  Eve,  explaining  that,  instead  of  being  the  "  progeny  of  a 
transmitted  species,  degraded  from  its  original  form  as  the  pensd  con- 
sequence of  its  instrumentality  in  the  temptation  of  Eye,"  the  struc- 
ture and  organization  of  these  animals  are  specially  adapted  to  their 
position  and  habits,  being  replete  with  "  instances  of  design  in  relation 
to  the  needs  of  their  apodal  vermiform  character."  And  he  reminded 
his  clerical  friends  of  the  opposition  interposed  in  the  way  of  progress 
by  the  priesthood  of  old,  repeating  the  admonition  of  St.  Augustine, 
that  men  unU  believe  the  earth  to  be  rotund,  and  should  they  preach 
it  to  be  flat  and  denounce  the  new  doctrine,  they  will  say,  "  If  ye 
know  so  little  of  earthly  things,  how  shall  we  believe  you  when  yon 
tell  us  of  heavenly  ones  ?  " 

There  need  be  no  apprehensions  for  Christianity  under  the  new 
regime,  he  said,  inasmuch  as  it  has  suffered  nothing  since  physical 
doctrines  "  declared  contrary  to  Holy  Writ"  have  been  established ; 
and  he  concluded  his  address  as  follows  : — "  Allay,  then,  your  fears 
and  trust  in  the  Author  of  all  truth,  who  has  decreed  that  it  shall 
never  perish ;  who  has  given  to  man  a  power  to  acquire  that  most  pre- 
cious of  his  possessions  with  an  intellectual  nature  that  will  ultimately 
rest  upon  due  demonstrative  evidence." 

Some  may  think  that  the  lecture  is  marred  by  the  too  frequent 
introduction  of  Scripture  texts  and  quotations ;  but,  on  the  whole,  it 
is  a  noble  address,  and  the  Committee  of  the  Young  Men's  Christian 
Association  have  studied  their  own  interests  in  giving  it  a  large  and 
unrestricted  circulation. 
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Thb  Negbo's  Placb  is  Natubb.    By  Jamee  Hunt,  PI1.D.,  &c. 

Trubner  and  Co. 

In  the  Introduction  to  this  '  Jonmal '  we  referred  to  a  paper  on  the 
above  subject,  read  before  the  members  of  the  British  Association ; 
and  this  is  now  published,  the  author  tells  us,  by  the  general  wish  of 
the  Fellows  of  the  Anthropological  Society,  of  which  he  is  the 
president. 

We  ventured,  in  speaking  of  the  original  paper,  to  differ  from  the 
views  of  the  author,  which  we  believe  to  be  contrary  to  the  evidence 
and  at  variance  with  the  opinions  of  the  most  advanced  physiologists 
of  the  day,  and  drew  attention  to  the  fact  that  the  most  important 
question  of  hybridity  had  been  almost  completely  ignored,  and  that 
what  little  was  said  of  it  ran  counter  to  the  author's  doctrine  of  a  specific 
difference  between  the  white  man  and  the  Negro.  We  also  mentioned, 
in  passing,  that  a  Newcastle  journal  did  not  hesitate  to  hint  broadly 
that  the  gentlemen  who  thus  sought  to  degrade  the  Negro  race  (for  the 
president  found  a  warm  supporter  in  his  secretary,  Mr.  Carter  Blake) 
were  the  tools  of  the  Southern  confederacy,  and  that  their  services 
had  been  enlisted  as  the  champions  of  slavery  in  England. 

In  adopting  the  supposition  of  the  Newcastle  paper,  we  confess 
that  we  were  guilty  of  indiscretion,  and  we  hftve  to  apologize  to  the 
shrewd  and  £sceming  politicians  who  administer  the  afi&ars  of  the 
Southern  Confederacy,  for  having  supposed  them  capable  of  adding  to 
the  indiscretion  of  attempting  to  found  their  new  empire  upon  the 
basis  of  slavery,  by  using  such  an  instrument  as  this  for  the  purpose 
of  obtaining  sympathy  in  England. 

No!  Great  as  may  be  the  &taity  of  the  Southern  people  on 
the  question  of  slavery,  they  would  never  have  attempted  tiius  to 
"  inoculate"  us,  the  *^  outer  barbarians,"  as  the  author  has  it  in  his 
dedication  to  *'  My  dear  Burton ;"  and  we  are  now  prepared  to  accept 
his  statement  concerning  the  object  of  his  paper,  as  perfectly  original 
and  emanating  from  himself  alone, — viz*  that  when  the  truth  comes 
out,  "  the  public  will  have  their  eyes  opened,  and  will  see  in  its  true 
dimensions  that  gigantic  imposture  biown  by  the  name  of  '  Negro 
Emancipation.' " 

But  we  must  treat  our  readers  with  an  extract  from  the  work,  in 
order  that  they  may  judge  of  the  kind  of  material  with  which  it  is 
intended  to  explode  tins  ^  gigantic  imposture,"  and  they  will  at  once 
have  an  opportunity  of  judging  of  its  science  and  its  morale  : — 

"  But  while  the  analysis  of  a  single  bone  or  of  a  single  feature  of  the 
Negro  is  thus  suf&cient  to  demonstrate  the  specifio  character,  or  to  show 
the  diversity  of  race,  that  great  fact  is  still  more  obviously  and  with  equal 
certainty  revealed  in  the  form,  attitude,  and  other  external  qualities.  The 
Negro  is  incapable  of  an  erect  or  direct  perpendicular  posture.  The  general 
structure  of  his  limbs,  the  form  of  the  pelvis,  the  spine,  the  way  the  head 
is  set  on  the  shoulders,  in  short,  the  tout  ensemble  01  the  anatomical  forma- 
tion forbids  an  erect  position.  But  while  the  whole  structure  is  thus 
adapted  to  a  slightly  stooping  posture,  the  head  would  seem  to  be  the 
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most  important  agency ;  for  with  any  other  head,  or  the  head  of  any  other 
race,  it  would  be  impossible  to  retain  an  upright  position  at  all.  But 
with  the  broad  forehead  and  small  cerebellum  of  the  white  man,  it  is  per- 
fectly obvious  that  the  Negro  would  no  longer  possess  a  centre  of  ^avity ; 
and  therefore,  those  philanthropic  people  who  would  *  educate  *  him  into 
intellectual  equality,  or  change  the  mental  organism  of  the  Negro,  would 
simply  render  him  incapable  ofsta/nding  on  his  feet,  or  of  an  upright  position 
on  any  terms.*** 

We  presume  it  will  not  be  necessary  for  ns  to  refute  the  assertions 
(adopted  by  the  anthor  as  evidence  of  the  specific  di£ference  between 
the  Negro  and  the  white  man),  that  the  Negro  is  ^^  incapable  of  an  erect 
or  perpendicular  position,*'  and  that  education  would  "  render  him  in- 
capable of  standing  on  his  feet,  or  of  an  upright  position  "  / 

The  kings  of  Western  Equatoricd  Africa,  we  are  told,  are  under  the 
necessity  of  encouraging  the  slave  trade,  in  order  to  get  rid  of  their 
criminals. 

**  No  one,  we  presume,  will  dare  assert  that  there  are  no  criminals  in 
Africa  1  What  shall  we  do  with  our  criminals  ?  may  be  a  problem  which  ia 
occupying  the  attention  of  the  political  economist  of  Africa — Hke  His 
Majesty  the  King  of  Dahomey — as  well  as  the  government  of  Qreat  Britain. 
Is  Africa  not  to  be  allowed  to  export  her  criminals,  or  are  they  so  worth- 
less and  unmanageable  that  no  people  will  have  them  ?" 

Bat  it  must  not  be  supposed  that  the  author  advocates  the  slave- 
trade.  Oh  dear,  no  I  He  ''protests  against  being  put  forward  to 
advocate  such  views."  '*  Our  Bristol  and  Liverpool  merchants,"  he 
says,  ''perhaps,  helped  to  benefit  the  race  when  they  transplanted 
some  of  them  to  America,  and  our  mistaken  Legislature  has  done  the 
Negro  race** — (why  not  species? — ^merely  the  force  of  habit,  we  pre- 
sume)— "  much  injury  by  theirli  absurd  and  unwarrantable  attempts  to 
prevent  Africa  from  exporting  her  worthless  or  surplus  population." 
We  have  done;  and  if,  after  these  extracts,  our  readers  feel  any 
desire  to  know  more  of  the  work,  they  must  purchase  it ;  for,  although 
it  is  a  tract  such  as  we  are  ashamed  to  see  printed  in  the  English 
language,  it  has  found  a  respectable  publisher. 


Thb  Batavian  Society  of  Experimental  Philosopht 

in  eottebdam  % 

We  desire  to  draw  the  attention  of  our  leading  Literary  and  Philo- 
sophical Societies  to  the  plan  adopted  by  the  body  of  savants  to  whose 
prospectus  we  are  about  to  refer,  for  encouraging  the  study  of  prac- 
tical science,  and  would  recommend  it  to  their  consideration  whether 
a  similar  method  of  awarding  premiums  for  careful  research  would  not 
add  much  to  their  usefulness  and  success. 

*  The  author  is  here  quoting  a  Dr.  Van  Evrie  of  New  York.     The  italics 

are  ours. 

t  We  again  claim  the  italics ;  the  grammar  is  the  author^a 

X  The  Society's  'Programme,*  issued  in  December,  1863.    Imprimerie  do 

6.  and  C.  A.  Van  Keyn,  Kotterdam. 
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It  is  indeed  seldom  that  we  have  read  the  programme  of  any  insti- 
tntion  with  so  much  gratification  as  this  one ;  it  is  as  concise  as  it  is 
interesting,  and  the  only  objection  we  have  to  the  Society  is  its  name, 
for  it  would  convey  a  better  idea  of  its  operations  if  it  called  itself  a 
practical,  instead  of  an  '*  experimental,"  institution. 

The  Council  awards  three  prizes  annually :  a  gold  and  silver 
xaedal,  and  a  premium  varying  in  amount  from  60  to  150  florins, — a 
total  therefore  of  30Z.  or  40Z.,  which  would  be  no  serious  outlay  for 
any  of  our  leading  metropolitan  or  provincial  scientific  institutions. 

As  to  the  questions  propounded,  we  shall  convey  the  best  idea  of 
their  character,  and  at  the  same  time  give  the  most  practical  effect  to 
our  suggestion,  by  translating  and  inserting  a  few  of  them  in  these 
pages. 

Question  106.  (Evidently  intended  for  sailors.) — "The  Society 
believing  that  an  investigation  of  the  temperature  of  the  water  in 
extensive  seas,  and  at  considerable  depths,  would  be  of  great  import- 
ance for  ascertaining  the  physical  state  of  our  globe;  and  feeling 
satisfied  that  on  board  many  vessels  this  temperature  may  under 
&vourable  circumstances  be  determined ;  desire  to  receive  accurate 
researches  on  the  subject,  undertaken  (with  the  employment  of  proper 
nautical  instruments  for  ascertaining  the  latitude  and  longitude)  in 
places  where  such  experiments  have  not  yet  been  made.  The  results 
must  be  stated  succinctly,  and  in  a  careful  detailed  manner." 

Qtieation  114. — "  For  many  years  past  scientific  men  have  debated 
the  possibility  of  constructing,  on  the  seaboard,  harbours  of  refuge  for 
vessels  with  a  deep  draught  of  water,  similar  to  those  found  on  the 
northern  and  southern  coasts  of  Holland.  It  has  been  asserted  that, 
with  th^  progress  made  in  science,  the  construction  of  such  harbours 
no  longer  offers  any  difficulties." 

The  Society  therefore  reqiures  the  complete  plan  of  a  harbour  upon 
a  coast  such  as,  for  example,  Schevening,  which  would  admit,  at  low 
tide,  vessels  drawing  23  feet  of  water "  (7  metres),  "  and  having  an 
entrance  wide  enough  to  allow  such  vessels  to  cast  anchor  inside,  with 
a  violent  gale  blowing  from  the  NE.  The  cost  of  construction  and 
annual  maintenance  is  also  required." 

Question  135. — "  It  is  important  that  persons  engaged  in  the  study 
of  electricity  should  make  themselves  acquainted  with  the  phenomena 
produced  upon  telegraph  wires  by  storms  and  by  the  Aurora  borealis. 
Many  of  these  phenomena  are  very  partially  understood,  and  it  is 
desirable  that  more  extended  experiments  should  be  commimicated, 
from  which  it  would  be  possible  to  make  deductions." 

Question  137. — "  Mr.  Tyndall  believes  his  experiments  have  proved 
beyond  a  doubt  that  the  vapour  of  water"  (a  moist  atmosphere) 
"  exercises  a  more  powerful  absorbent  influence  upon  radiant  heat  than 
dry  atmospheric  air.  Mr.  Magnus,  on  the  other  hand,  considers 
himself  justified  in  concluding  from  his  experiments  that  there  is  no 
difference  in  the  absorbent  property  of  a  dry  and  of  a  humid  atmosphere. 
The  Society  would  wish  to  see  these  conflicting  views  met  by  con- 
clusive experiments." 

Our  limited  sj^ace  will  not  admit  of  the  insertion  of  more  of  these 
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questions,  but  we  may  state  that  they  are  all  of  more  or  less  general 
interest,  and  that  the  large  majority  are  practically  useful.  Some  deal 
with  local  improvements ;  others,  with  the  statistics  of  the  country ;  and 
others,  again,  require  inyestigations  in  the  various  branches  of  Physical 
and  Mechanical  Science,  in  Crystallography,  Geology,  Chemistry, 
Botany,  Physiology,  &c. 

The  replies  of  competitors,  which  are  expected  to  take  the  form 
of  short  essays,  may  be  indited  in  the  Dutch,  French,  English, 
German,  or  Latin  limguages,  and  as  far  as  we  are  enabled  to  judge 
from  the  precautions  t^en  to  ensure  impartiality  to  all  candidates,  and 
secrecy  to  unsuccessful  ones,  we  should  say  that  students  are  justified 
in  placing  their  labours  in  the  hands  of  the  Society  in  perfect  confi- 
dence that  they  will  receive  fair  treatment. 

As  we  have  already  observed,  we  hope  that  some  move  will  be  made 
in  this  practical  dii^ction  amongst  onr  English  Institutions;  the 
Society  of  Arts  already  awards  such  prizes,  bnt  there  is  no  reason  why 
every  important  '*  Philosophical "  Society  should  not  do  the  same,  and  we 
shall  be  glad  to  receive  more  of  these  programmes  from  other  countries, 
in  order  to  extract  from  them  any  new  features  in  their  management, 
for  the  benefit  of  our  English  readers. 


Speotbux  Akaltsis. 

Those  of  our  readers  who  may  be  able  to  read  the  Dutch  language,  will 
find  in  it  one  of  the  best  works  yet  published  on  Spectrum  Analysis.* 
The  book  is  so  good  that  it  deserves  translation  into  a  language  that 
would  ensure  it  a  wider  circulation ;  and  as  we  are  in  want  of  such  a 
work  in  England,  we  commend  it  to  the  notice  of  any  good  Dutch 
scholar  and  chemist.  Tracing  the  art  from  its  first  origin,  the  author 
brings  down  his  accomit  of  die  successive  discoveries  to  the  latest 
publiiahed  observations  of  Bunsen,  Eirchoff,  and  Miller,  describing 
most  of  the  observed  spectra,  and  giving  what  will  be  found  extremely 
useful  to  many — a  very  complete  bibliography  of  the  subject.  The 
work  is  accompanied  by  some  beautifully-executed  coloured  drawings 
of  various  spectra. 

One  of  the  earliest  applications  of  the  prism  to  chemical  analysis  was 
that  of  Plucker,  who  observed  the  lines  produced  by  the  passage  of 
electricity  through  a  rarefied  gas,  and  noticed  that  in  every  gas,  when 
pure,  a  particular  system  of  lines  was  obtained.  The  minute  portion 
of  a  gas,  whether  simple  or  compound,  that  could  be  analysed  in  this 
way  induced  the  author  to  style  the  method  microchemUbry.  It  was 
refldly  spectrum-analysis.  M.  Morren  followed  up  the  researches  of 
Plucker,  and  now  publishes  at  Marseilles  a  tract,f  the  object  of  which, 
he  says,  is  to  point  out  how  this  mode  of  analysis  may  help  to  solve 

*  De  Spectraal-Analyse  &c.*— On  Spectrum  Analygis,  &o.  By  H.  C.  Dibbits. 
Rotterdam :  E,  H.  Tassemeijer.    1863. 

t  *  Des  Ph^nom^nes  Lumineux  que  pr^sentent  qnelqnes  Flammes,  ei  en  par- 
tioulier  celle  du  Gyanog^ne,  et  de  1  Acetylene,  &o.'  Par  M.  Morren.  ManeiUes : 
Amaud  &  Co.,  1863. 
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questions  which  ordinary  chemical  processes  are  unable  to  unriddle. 
What,  for  example,  constitutes  the  blue  part  of  the  flame  of  a  candle  ? 
The  spectroscope  answers,  vapour  of  carbon.  The  author  once  thought 
that  tiie  blue  was  caused  by  light  carburetted-hydrogen,  since  he 
observed  the  same  spectrum  from  the  flame  of  this  gas,  and  also  from 
that  of  the  base  of  a  candle  flame.  A  perusal  of  Dr.  Attfield's  paper 
on  the  "  Spectrum  of  Carbon,*'  however,  induced  him  to  reconsider  the 
subject,  and  to  examine  the  spectra  of  numerous  other  carbon  com- 
pounds. In  all  these  he  observed  the  same  spectrum,  which,  being 
common  to  everyone,  must  have  been  derived  from  the  common  con- 
stituent, carbon.  The  means  which  the  author  employed,  and  the 
appearances  he  observed,  are  well  described  in  this  tract ;  and  any 
experimenters  working  in  the  same  direction  would  do  wdl  to  con- 
sult it. 


OhSMICAIi  FOBMULJB. 

Db.  Odukg  has  published*  a  set  of  tables  of  chemical  formuIsB,  which 
we  venture  to  say  will  prove  as  useful  to  teachers  as  to  students  of 
chemistry.  He  adopts  an  original  mode  of  classifying  the  elements 
which  is,  perhaps,  as  reasonable  as  any  other  yet  proposed,  or  possible, 
in  ihe  present  state  of  our  knowledge  of  these  bodies. 

The  formulsB  are  all  constructed  on  the  unitary  system  of  notation, 
and  in  the  absence  of  a  complete  work  of  chemistry  based  on  that  system, 
these  tables  will  prove  of  great  assistance  to  students,  who  are  obliged  to 
read  a  book  written  upon  the  old  system,  and  listen  to  a  lecturer  who 
teaches  upon  the  new. 

Lecturers  who  are  beginning  to  teach  the  unitary  system,  will  find 
in  the  tables  the  materials  of  a  very  usefdl  set  of  diagrams. 

♦  *  Tables  of  Chemical  Formula,'  arranged  by  W.  Odling,  M.B.,  F.R.S ,  &c.,  &c. 
liondon :  Taylor  and  Francis,  1864. 
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SlLVERRD  QlASS  TELESCOPES  AND  CELESTIAL  PHOTOGRAPHY    IN  AMERICA. 

By  Professor  Hjlnrt  Draper,  M.D.,  New  York  University. 


New  York,  Feb.  2, 1864. 

The  first  photographs  of  the  moon 
were  taken  in  1840  by  my  father, 
Professor  John  W.  Draper,  M.D., 
who  published  notices  of  them  in 
his  quarto  work,  <0n  the  Forces 
that  Organize  Plants,'  and  in  the 
*  Philosophical  Magazine.'  The  speci- 
mens were  about  an  inch  in  diameter, 
and  were  presented  to  the  Lyceum 
of  Natural  History  of  New  York. 
Thev  were  made  by  means  of  a  lens 
of  five  inches  aperture,  furnished 
with  an  eje-piece  to  increase  the 
magnifying  power,  and  mounted  on 
a  polar  axis  driven  by  a  clock.  At 
that  time  it  was  generally  supposed 
that  the  moon's  light  contained  no 
actiyic  rays,  and  was  entirely  with- 
out effect  on  the  sensitive  silver  com- 
pounds used  in  daguerreotyping. 

In  1850,  Mr.  Bond  made  use  of  the 
Cambridge  (Massachusetts)  refrac- 
tor of  15  inches'  aperture,  to  produce 
daguerreotype  impressions  of  our 
satellite,  the  sensitive  plate  being 
placed  at  the  focus  of  the  object- 
glass,  without  the  intervention  of 
an  eyepiece.  Pictures  two  inches 
in  diameter  were  thus  produced, 
and,  subsequently,  some  or  the  same 
size  were  made  on  glass,  and 
moimted  stereoscopically.  Mr.  Bond 
also  made  a  series  of  experiments 
to  determine  whether  photography 
could  be  advantageously  appliea  to 
the  measurement  of  double  stars, 
and  concluded  that  the  results  were 
as  reliable  as  those  derived  from  the 
micrometer.* 

Soon  after,  Mr.  Warren  De  La 
Bue,  of  Cranford,  near  London,  un* 
dertook  by  the  aid  of  a  13-inch 
speculum,  ground  and  polished  by 
himself^  to  procure  a  series  of  pho- 
tographs of  the  moon  and  other 
celestial  objects.    The  excellent  re- 

♦  •  Astron.  Nach,'  No.  1129. 


suits  that  he  has  obtained,  together 
with  those  of  Professor  Phillips,  Mr. 
Hartnup,Mr.Crookes,  Father  Secclii, 
and  other  physicists,  are  doubtless 
familiar  to  all  scientific  men,  having 
been  published  in  the  form  of  a  re- 
port to  the  British  Association  in 
1859.  No  detailed  description  of 
them  is  necessary,  therefore,  in  this 
place. 

In  1857  Mr.  Lewis  M.  Eutherfurd, 
of  New  York,  erected  an  equatorial 
refractor  of  11  inches'  aperture,  the 
object-glass  of  which  he  nad  himself 
corrected,  and  has  taken  a  large 
number  of  lunar  photographs  with 
it.  They  have  generally  borne  to 
be  magnified  to  five  inches,  and  he 
is  now  engaged  in  perfecting  a  cor- 
recting lens  that  will  allow  still 
greater  enlargement  to  be  used. 

The  moon,  as  seen  by  the  naked 
eye,  is  about  one- tenth  of  an  inch  in 
diameter,although  persons  generally 
estimate  it  at  10  inches,  lliat  the 
first  statement  is  true  is  easily 
proved  either  by  taking  a  photo- 
graph with  a  lens  of  10  inches' 
local  length,  or  more  convincingly 
by  holding  up  between  the  moon 
and  the  eye  a  little  disc  one- tenth 
of  an  inch  across,  at  the  near- 
est distance  of  distinct  vision  (10 
inches).  A  picture  of  the  moon 
of  the  size  commonly  attributed  to 
her  requires  to  be  made  under  a 
power  of  100  times. 

In  1857  I  visited  Lord  Rosse's 
great  reflecting  telescopes  at  Par- 
sonstown,  and  had  an  opportunity 
of  not  only  seeing  the  grinding  and 
polishing  operation  by  which  they 
were  produced,  but  also  of  observ- 
ing some  stars  through  the  six-foot 
instrument.  On  returning  home  in 
1858  it  was  determined  to  construct 
a  large  instrument  by  similar  means, 
and  devote  it  especially  to  celestial 
photography.    1  lie  speculum  was  of 
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15  incbes*  aperture,  and  12  feet  focal 
length.  Subsequently,  however,  this 
metiEil  mirror  was  abandoned,  and 
silvered  glass,  as  suggested  by  M. 
Foucault,  substituted.    This  latter, 
according    to    Steinheil's    experi- 
ments,  reflects  more  than  90  per 
cent,  of  the  light  falling  upon  it, 
while  speculum  metal  only  returns 
63  per  cent.    A  detailed  account  of 
this  instrument,  amply  illustrated, 
is    now    being  pubhshed    by    the 
Smithsonian  Institution  at  Washing- 
ton, and  therefore   only  a  general 
idea  of  its  peculiaiities  will  be  given. 
As  the  telescope  was  intended  es- 
pecially for  photography,  the  follow- 
ing general  principles  were  adopted. 
1st.  A  reflector  was,  of  course,  pre- 
ferred to  an  achromatic  object-glass, 
because  all  the  rays  falling  upon  it 
are  reflected  to  the  same  focal  plane, 
and  there  is  not,  as  in  the  latter,  one 
focus  for  distinct  vision,  and  another 
for    the   photographically    actinic 
rays,  an  inch  distant  perhaps.  In  the 
reflector  a  sensitive  plate  put  where 
the  image  is  seen  to  be  most  sharply 
defined,  will  be  sure  to  give  a  good 
result.    In  the  achromatic,  on  the 
contrary,  the  sensitive  plate  must 
be    placed    in    a    position    which 
can  onlv  be  found  by  tedious  trials. 
2nd.  Silvered  glass  was  used  instead 
of  speculum  metal,  because  it  is 
lighter  and  more  highly  reflecting. 
Besides,  if  a  reddish  or  yellowish 
film  should  accumulate  on  it — an 
accident  liable  to  occur  to  either 
kind  of  reflector  and  seriously  di- 
minishing the  photographic  power — 
it  can  either  oe  repolished  with  a 
piece  of  buckskin — an  operation  ob- 
viously impossible  in  the  case  of  a 
speculum  metal— or  the  silver  can  be 
dissolved  ofl*  with  nitric  acid,  and  a 
new  film  deposited  on  the  glass  con- 
cave.   The  glass  which  has  been 
made  accurately  parabolic  before  tbe 
first  silvering,  is  not  changed  in 
figure,the  silver  being  only  deposited 
in  a  layer  ^^0*0^0  of  an  inch  thick, 
and  consequentlv,  if  carefully  pre- 
pared, copying  the  glass  below  so 
closely  that  no  error  larger  than  a 
small  fraction  of  that  amount  is 
possible.     As  the  glass  only  serves 
as  a  basis  or  mould  for  the  thin 


sheet  of  silver,  and  is  not  penetrated 
by  the  light,  its  quality  is  a  matter 
of  but  little  moment,  that  which  is 
used  for  skylights  or  Ught-openings 
in  floors  answering  perfectly.     3rd. 
A  mounting,  presenting  the  greatest 
degree  of  steadiness  possible  was 
necessary.     For  this  purpose  the 
telescope  was  supported  at  both 
ends,  the  lower  one  resting    in  a 
loop  of  wire  rope.     4th.  Instead  of 
driving  the  whole  mass  of  the  in- 
strument    by    clockwork     acting 
upon  a  polar  axis,  and  thus  being 
forced  to  move  a  weight  of  at  least 
half-a-ton — the    usual    system    in 
equatorials  —  only    the    sensitive 
plate  and  its  frame,   weighing  an 
ounce,  were  caused  to  follow  the 
moon  or  other  object,  the  mass  of 
the  apparatus  remaining  perfectly 
at  rest.    This  idea  is  due  to  Lord 
Rosse.      6th.    Instead  of  usins  a 
clock  with  wheelwork  for  a  prime 
mover,  a  clepsydra  was  substituted. 
This  consists  of  a  heavy  weight 
supported  by  the  rod  of  a  piston, 
which  fits  into  a  cylinder  filled  with 
water.    At  the  bottom  of  the  cylin-    ' 
der  a  stopcock  permits  the  water  to 
flow  out  at  a  variable  speed,  de* 
pending  on  the  amount  of  opening. 
The  sensitive  plate  can  thus  easilv 
be  caused  to  coincide  in  rate  witn 
the  moving  object,  and  yet  by  a 
motion  free  from  irregularity  and 
tremor. 

The  value  of  a  silver  reflector 
turns,  of  course,  entirely  upon  the 
perfection  of  the  glass  concave  on 
which  the  metallic  film  is  to  be  de- 

Eosited.  This  must  be  of  a  para- 
olic  figure,  so  that  spherical  aber- 
ration may  be  completely  corrected. 
A  person  is,  however,  content  to 
take  the  utmost  pains  to  produce  it, 
because,  once  attained,  the  figure 
cannot  be  lost  except  by  fracture, 
and  the  value  does  not  diminish 
with  time  as  in  the  case  of  a  specu- 
lum. It  never  requires  re-pohshing. 
The  best  method  of  mnding  and 
polishing  the  glass  is  oy  means  of 
an  apparatus  that  I  have  called  a 
**  Local-correcting  Machine,"  by 
which  all  the  parts  of  the  surface 
can  be  attacked  in  succession  and 
reduced  to  the  desired  curvature. 
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In  the  woodcut  a  is  the  telescope 
tube,  h  one  of  the  trunnions  on  fric- 
tion rollers  perforated  for  the  eje- 
piece,  c  one  of  the  counterpoise 
levers,  having  a  weight  at  the  upper 
end  and  being  attached  to  an  axle  d 
at  the  lower  end;  e^tf  is  a  wire- 
rope  going  from  the  counterpoise  to 
the  lower  end  of  the  telescope  ;  // 
another  wire -rope  which  passes 
round  a  small  drum  connected  with 
the  winch  g,  and  gives  the  observer 
standing  on  the  observer's  platform 
i  the  power  of  moving  the  telescope 
in  altitude ;  k  the  stairs  going  to 
the  photographic  room,  I V  the  gal- 
lery that  divides  the  Observatory 
into  two  stories,  m  the  azimuth  axis 
resting  on  the  solid  rock,  and  sus- 
tained at  its  upper  end  by  the  three 
lateral  beams,  nvl  (two  only  are 
shown).  They  also  rest  in  cavities 
in  the  rock.  The  dome  is  seen  in 
section  at  o(/,  the  dome-opening 
and  shutter  at  jp,  the  dome-arch  at 
q  (f.  The  dome-nvisine  lever  r,  with 
the  fulcrum  at  «,  is  shown  as  it  ap- 
pears when  the  dome  is  prepared 
for  revolving,  the  axis  t  carrving 
the  whole  weisht.  The  part  of  the 
lever  below  the  detent  u  can  be 
bent  up  out  of  the  way,  and  held  by 
a  loop. 

Since  the  telescope  has  been  com- 
'  pleted,  and  furnished  with  two  para- 
Dolic  mirrors  of  15^  inches  aperture, 
and  150  inches  focal  length,  and  one 
Herschehan  mirror  (that  is,  a  con- 
cave of  such  figure  that  it  can  only 
bring  obUque  pencils  to  a  focus  free 
from  aberration)^  Celestial  Photo- 
graphy has  been  continually  prose- 
cuted. About  1,500  lunar  negatives 
have  been  taken.  Old  experience 
obtained  from  portrait  and  micro- 
scopic photography  has  proved  to 
be  of  great  service.  At  first  the 
well-known  processes  were  used, 
but  it  was  soon  found  that  some- 
thing more  refined  was  needed, 
where  the  pictures  are  to  be  sub- 
mitted to  magnifying  powers  of  per- 
haps 25  times.  Defects  in  collodion 
negatives  that  would,  under  ordi- 
nary circumstances,  pass  unnoticed, 
assume  such  prominence  as  greatly 
to  diminish  the  beauty  of  the  results. 


These  defects,  pin-holes,  coarse  gra- 
nular appearance  of  the  reduced 
silver,  and  other  markings,  were 
found  to  arise  principally  from  the 
presence  of  nitrate  of  silver  on 
the  sensitive  plate.  It  was  ascer- 
tained that  by  washing  the  plate 
thoroughly  before  exposure  thev 
disappeared,  or  were  very  much 
ameliorated,  and  without  any  re- 
duction in  sensitiveness.  But  for 
this  washing  operation  pure  water 
is  needed,  and  hence  the  roof  of  the 
buildings  was  painted  with  a  ground 
mineral  compound  that  hardens  to 
a  stony  consistence,  and  the  water 
falling  upon  it  was  preserved  in  a 
leaden  tank,  which  from  long  use 
for  other  purposes  had  become 
thickly  coated  with  insoluble  salts 
of  lead,  sulphates,  &c.  Whenever 
an  inch  of  rain  &lls,  a  ton  of  water 
is  collected,  and  the  tank  may  be 
filled  about  32  times  in  a  year. 

The  negatives  produced  at  the 
focus  of  the  reflector  are  on  an  ave- 
rage 1  finches  in  diameter.  Many 
that  have  been  made  will  bear  to 
be  enlarged  to  2  feet,  and  one  was 
taken  September  3,  1863,  at  4.30 
A.M.,  which  has  been  increased  to 
3  feet  in  diameter,  the  total  magni- 
fying power  used  being  about  380. 
In  this  photograph  the  moon  may 
be  said  to  be  shown  on  a  scale  of 
60  miles  to  the  inch. 

In  the  process  of  enlarging  I  have 
introduced  one  verv  important  no- 
velty. Instead  of  employing  an 
achromatic  combination  of  lenses 
arranged  as  a  solar  camera,  a  con- 
cave mirror  is  used.  It  entirely  gets 
rid  of  the  difficulty  of  chromatic 
aberration,  which  is,  as  all  pho- 
tographers know,  one  of  the  most 
serious  obstacles  to  success,  and,  iu 
addition,  the  magnified  image  lies 
in  one  plane,  or  there  is  what  is 
termed  &  flat  field.  Every  little  de- 
tail of  the  original  negative  is  per- 
fectly reproduced,  and  a  3-foot 
image  is  as  sharp  in  one  part  as  in 
another.  The  efiect  of  portraits  re- 
produced of  life-size  is  very  striking, 
and  the  resemblance  to  the  indi- 
vidual singularly  increased.  In  mag- 
nifying  these    lunar    negatives,  a 
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mirror  of  8  inches*  aperture  and 
11^  inches'  focal  length  is  used.  At 
first,  when  it  was  intended  to  em- 
ploy dififused  daylight  and  the  whole 
aperture,  the  figure  was  made  ellip- 
tical, with  a  distance  of  8  feet  be* 
tween  the  conjugate  foci ;  but  sub- 
sequently, when  the  advantages  of 
sunlight  were  imderstood,  the  sur- 
face was  reduced  by  a  diaphragm  to 
H  inches  in  diameter,  and  a  part  of 
the  mirror  as  nearly  perfect  as  a 
mirror  can  be  made  at  present  was 
selected.  Success  in  enlargement 
becomes  with  this  contrivance  a  cer- 
tainty. 

The  "enlarger**  is  also  equally 
valuable    in    copying;   b^    contact. 
When  a  smaU  negative  is  enlarged 
and  photographed,  what  is  termed  a 
positive' results.    If  such  a  positive 
IS  used  to  make  prints  on  paper,  the 
lights  and  shades  are  inverted,  and 
that  which  is  white  is  shown  black. 
It  is  necessary  then  to  turn  the 
original  negative  into  a  positive,  so 
that  when  magnified  a  negative  may 
result  suitable  for  printing  positive 
proofs    on    paper.    This    is    done 
usually  by  a  process  called  reversing, 
in  which  a  sensitive  plate  is  placed 
behind  the  original  negative,  and 
the    two    exposed    to    the    light. 
Wherever  the  negative  is  transpa- 
rent the  plate  behind  is  stained  by 
the  light,  and  where  opaque,  it  is 
protected.   But  unless  the  plate  be- 
hind is  so  close  as  to  make  the 
chances  of  scratching  the  negative 
very  great,  the  positive  produced 
is  much  inferior  in  distinctness,  be- 
cause the  dififused  light  of  day  finds 
its  way  through  in  many  directions. 
If,  however,  me  negative  and  sen- 
sitive plate  are  placed  in  the  beam 
of  sunlight  coming  from  the  en- 
larger,  the  rays  pass  through  only 
in  one  direction,  and  the  reverse  or 
positive  is  as  sharp  as  the  original 
ne^tive. 

Celestial  photography  is  as  yet 
only  in  its  infancy.  The  results  to 
which  it  has  given  origin,  although 
excellent  in  many  respects,  have  im- 
perfections. But  it  seems  probable 
that  these  may  be  overcome  in  the 
future,  partly  by  means  now  within 


reach,  and  partly  by  others  which 
may  be  discovered  at  any  moment. 
In  looking  at  a  3-foot  photograph 
firom  such  a  distance  that  the  eye  can 
embrace  it  all  at  one  glance,  the 
general  efifect  is  certainly  very  fine, 
and  superior  to  observation  through 
the  telescope  with  a  similar  power. 
The  moon  appears  as  it  would  if 
viewed  from  a  stand-point  600  miles 
from  its  surface.  Ranges  of  moun- 
tains, as  the  Apennines,  seem  as  if 
projected  out  from  the  general  level, 
while  the  great  craters,  such  as 
PlatOj  TheophUuSf  and  Clavius,  are 
deeply  excavated  below.  Grooves 
of  vast  extent,  hke  those  diverging 
from  Tycho,  and  faults  such  as  that 
running  past  Kant  and  Cathartna 
on  the  one  side,  and  Tacitus  on  the 
other  towards  Ltndejiau,  still  further 
break  up  the  surface.  The  well- 
known  seas  and  bright  portions,  so 
distinct  to  the  naked  eye,  are  lost 
in  the  multiplicity  of  the  details 
into  which  they  are  resolved. 

But  coming  more  closely  to  the 
picture,  and  examining  with  a  cri- 
tical eye,  it  is  apparent  that,  al- 
though the  general  effect  is  the  same 
as  would  be  perceived  by  looking 
at  the  moon  itself,  yet  some  of  the 
minute  details  seen  in  the  telescope 
with  a  high  power  are  absent. 

The  reasons  which  lie  at  the  bot- 
tom of  this  difi&culty  are  connected 
to  a  certain  degree  with  the  photo- 
graphic processes  employed,  but  also 
to  not*  a  little  extent  with  the  con- 
dition of  the  air.  The  quaUty  of 
the  instrumental  means  used  is,  of 
course,  of  primary  importance.  A 
good  photograph  cannot  be  taken 
with  an  inferior  telescope  and  clock. 

The  obstacles  arising  from  photo- 
graphy result  from  the  fact  that  the 
darlc  parts  of  the  picture  are  not 
formed  by  a  continuous  sheet  of 
material,  but  by  an  aggiregation  of 
granules  which,  though  invisible  to 
the  unassisted  eye,  are  seen  when  a 
high-enough  ma^ifying  power  is 
employed.  Their  degree  of  visi- 
bihty  turns  on  the  system  of  deve- 
lopment used  for  bringing  out  the 
latent  image  on  the  sensitive  plate. 
A  picture  injudiciously  forced  with 
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pyrogallio  acid  will  hardly  bear  any 
enlargement,  though  one  made  with 
sulphate  of  iron  and  a  well-regu- 
lated exposure  may  be  increased  in 
diameter  twenty-five  times,  without 
showing  the  granulations  offensively. 
The  inmience  of  the  structure  of  the 
collodion-film  itself,  too,  is  notice- 
able in  pictures  taken  by  the  wet 
process ;  in  the  first  place,  being 
somewhat  transparent,  it  permits  a 
certain  amount  of  lateral  diffusion 
in  the  film,  and  a  tendency  to  soften 
down  the  more  minute  details ;  and, 
in  the  second  place,  while  wet  it 
has  quite  a  perceptible  thickness, 
which  is  much  diminished  in  dry- 
ing, and  the  relation  of  the  silver 
particles  to  one  another  changed. 

I  have  attempted  to  avoid  the 
faults  connected  with  structure  of 
the  film  by  substituting  dry  col- 
lodion, and  more  particularly  tannin 
plates  for  the  wet.  But  though 
during  the  exposure  to  the  celestial 
object  the  sensitive  plate  presents 
a  glassy  surface  of  extreme  thin- 
ness,- yet  an  indispensable  pre- 
liminary to  evoking  the  latent 
image  is  to  soak  the  plate  in  water, 
and  this  introduces  the  more  in- 
jurious of  the  two  objections  above 
urged.  It  was  while  trying  this 
process  that  I  ascertained  the  ad- 
vantages that  arise  from  warming 
the  film  during  development, — the 
'*  hot-water  process,''  as  it  is  called. 
The  attempt  was  also  made^to  da- 
guerreotype the  original  pictures  at 
the  focus  of  the  telescope  on  silver 
plating,  and  also  on  silvered  glass. 
in  thui  case  all  lateral  diffusion  is 
entirely  prevented,  the  light  acting 
on  a  mauiematical  surface,  and  the 
relations  of  the  film  of  silver  to  the 
glass  not  being  disturbed  by  the 
subsequent  manoeuvres.  But  prac- 
tically no  advantage  has  arisen  from 
these  trials,  because,  as  in  the  for- 
mer instance,  the  whites  in  the  re- 
snlting  picture  are  not  formed  by  a 
continuous  stratum  of  mercurial 
amalgam.  That  this  is  the  case  is 
proved  hj  the  fact  that  such  da- 
guerreotypes can  be  copied  by  the 
electrotype,  or  a  coating  of  isinglass, 
as  was  shown  by  Dr.  Draper  (*  Phil. 


Mag.,*  May,  1843Y  This  is  the  first 
occasion  on  whicn  silvered  glass  has 
been  used  for  photographic  pur- 
poses, and  it  may  be  well  to  point 
out  its  advantages.  Owing  pro- 
bably to  the  perfect  purity  of  the 
silver,  it  takes  the  coatmgs  of  iodine 
and  bromine  with  uniformity  all 
over;  in  silver  plated  by  fire  on 
copper,  there  used  to  be  a  tendency 
to  msensitive  spots,  from  the  copper 
alloy  coming  out  on  the  face  of  the 
silver,  and  so  great  was  the  annoy- 
ance, that,  when  my  father  was  en- 
gaged in  the  experiments  that  led 
him  to  take  the  first  portrait  ever 
obtained  from  life,  he  was  compelled 
to  use  sheets  of  pure  silver  alone. 
The  light  also  seems  to  be  able  to 
impress  the  iodo-bromide  ^  in  less 
time,  and  pictures  of  a  rosy  Varmth 
are  generally  obtained.  The  only 
precaution  necessary  in  practising 
this  method  of  daguerreotyping  is 
to  fix  the  plate — that  is,  dissolve  off 
the  excess  of  sensitive  material — 
with  an  alcoholic  solution  of  cyanide 
of  potassium,  instead  of  an  aqueous 
solution  of  hyposulphite  of  soda. 
The  latter  tends  to  split  up  the  film 
of  silver  from  the  glass  nere  and 
there,  while  the  former  does  not. 
The  subsequent  washing,  too,  is 
most  safely  conducted  with  diluted 
common  alcohol.  The  time  of  ex- 
posure is  not)  however,  as  short  as 
in  the  wet-coUodion  process,  at 
least  six  times  the  exposure  being 
demanded;  while  if  less  is  given, 
and  the  development  over  mer- 
curial vapour  be  urged  beyond  the 
usual  point,  minute  globules  of  mer- 
cury stud  the  silver  all  over,  and 
ruin  the  proof. 

The  faults  arising  from  atmo- 
spheric disturbances  are  easily  un- 
derstood. If  an  image  of  the  planet 
Jupiter  produced  by  a  large  tele- 
scope be  allowed  to  move  across  a 
sensitive  plate,  and  the  plate  be 
then  developed,  a  dark  streak  nearly 
of  the  width  of  the  image  will  ap- 
pear. If  this  streak  is  closely  exa- 
mined, it  will  be  observed  that  the 
passage  of  the  planet  seenis  to  have 
taken  place  in  an  irregular  way — by 
fits  and  starts  as  it  were,  and  that 
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instead  of  the  mark  being  continu- 
ous like  that  of  a  pencil,  it  rather 
resembles  a  string  of  beads.  The 
cause  of  this  lack  of  continuity  is 
to  be  found  in  the  movements  of 
the  Earth's  atmosphere.  Or,  if  the 
eye  is  placed  at  the  eyepiece  of  the 
telescope,  and  the  edge  of  a  planet 
or  the  moon  watched,  it  is  found  to 
present  a  wavy  outline  instead  of  a 
sharp  disc-like  appearance.  Any 
point  in  the  surface,  too,  is  seen  to 
have  a  rapid  vibratory  motion. 

Although  the  eye  can  emancipate 
itself  to  a  certain  extent  from  these 
disturbances,  a  photographic  plate 
cannot.  Every  point  tends  then  to 
assume  a  greater  size  and  less  dis- 
tinctness than  it  should  have,  and 
if  the  night  on  which  the  trials  are 
being  made  is  very  unsteady,  the 
smaller  details  are  so  confused  to- 
gether that  the  picture  is  worthless. 
Occasionally,  however,  very  still 
nights  occur,  when  photographs  of 
great  beauty  may  be  taken.  In  the 
interval  between  Afarch  and  De- 
cember, 1863,  three  such  nights 
occurred,  and  on  one  of  them  the 
negative  for  the  3-foot  was  ob- 
tained. 

It  has  been  stated  that  there  are 
DO  insuperable  obstacles  to  the  pro- 
duction of  perfect  celestial  photo- 
graphs,— that  is,  such  as  realize  the 
full  optical  power  of  the  telescope 
used.  The  atmospheric  difficulty 
may  be  successfiilly  combated  by 
removing  a  large  reflector  from  near 
the  level  of  the  sea  to  a  consider- 
able altitude,  where  a  great  part  of 
the  atmosphere  is  left  behind.  It 
seems  to  me  that  a  suitable  place 
for  such  a  purpose  would  be  the 
rainless  west  coast  of  South  Ame- 
rica, somewhere  near  the  e<]uator. 
Improvements,  too,  are  contmually 
being  invented  in  photographic  pro- 
cesses,  and  a  considerable  step  is 
made  when  we  find  out  what  it  is 
that  we  need.  Quick  methods  are 
not  so  much  required  as  those  which 
will  yield  gndnless  pictures  on  struc- 
tureless films,  and  unless  the  time 
of  exposure  could  be  so  much  short- 
ened as  to  be  but  a  small  fraction  of 
a  single  atmospheric  pulsation,  no 


particular  advantage  would  be  gained 
Dy  their  use. 

The  inducements  to  amateurs  to 
prosecute  the  study  of  celestial 
photography  are  very  great,  and  the 
i^paratus  required  is  such  as  any 
one  of  a  mechanical  turn  may  make. 
A  great  deal  can  and  will  be  done 
in  this  branch  of  astronomy;  and 
animated  by  the  hope  that  many 
others  may  be  induced  to  cultivate 
it,  I  have  written  the  detailed  ac- 
count in  the  Smithsonian  Contri- 
butions. 

Henby  Draper,  M.D., 

ProfeMor  of  Nftlunl  Science  in  Uia 
Univenitj  of  New  Yoifc. 


7^'jBraztluin  Cocd-flelds,  By  Edward 
HuU,  B.A.,  F.Q  S. 

Thb  immense  empire  of  Brazil,  oc- 
cupying one-third  of  the  continent 
of  South  America,  with  an  area  of 
upwards  of  3,000,000  of  square 
miles;  considerably  laiger  than 
Russia  in  Europe ;  watex^dd  by  the 
largest  river  in  the  world,  which 
with  its  tributaries  is  navigable  for 
many  hundred  miles  from  its  mouth; 
its  western  bounds  stretching  to 
the  spurs  of  the  Andes,  and  its 
eastern  washed  by  the  waves  of 
two  oceans— such  a  country  as  this 
would  appear  fitted  to  occupy  the 
foremost  rank  amongst  the  na- 
tions of  the  Western  hemisphere^ 
provided  its  boundless  resources 
were  turned  to  accoimt  by  an  intel- 
ligent people,  and  civilization  were 
advanced  oy  wise  laws.  It  is  satis- 
factory to  reflect,  that  while  most 
of  the  surrounding  republics — the 
shattered  limbs  of  Spanish  America 
— are  tossed  on  the  waves  of  anarchy, 
Brazil  enjoys  a  peaceful  government 
under  a  constitutional  monarchy; 
personal  fireedom  with  poUtical  se- 
cuiitv ;  monarchical  principles  oom- 
binea  with  popidar  rights.  We 
notice  these  pomts  in  the  govern- 
ment of  Brazil,  because  they  aflbrd 
the  highest  guarantee  of  national 
progress,  and  the  development  of 
mdustrial  pursuits.  Nor  are  the 
raw  materiab  necessary  for  the  at- 
tainment of  a  high  position  amongst 
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the  mana&cturing  communities  of 
the  world  absent  from  the  soil  of 
Brazil. 

The  northern  half  of  the  empire 
is  physically  not  unlike  the  plain 
of  Northern  Italy  on  a  large  scale. 
Covered  with  forests  springing  from 
a  rich  alluvial  soil,  and  watered  by 
the  Amazon  and  its  giant  branches, 
it  is  prodigiously  fertile.  The 
southern  half  is  hilly,  and  some- 
times mountainous,  and  gives  birth 
to  the  Rio  de  la  Plata.  One  of  the 
peaks  of  the  Organ  Range  rises  be- 
hind the  harbour  of  Rio  de  Janeiro, 
to  an  altitude  of  7,500  feet.  These 
and  the  neighbouring  hills  contain 
minerals  and  gems  m  abundance, 
and  the  Government  has,  with  great 
spirit,  undertaken  a  mineral  survey 
of  these  southern  provinces. 

It  was  once  supposed  that  this 
great  empire  —  nch  in  precious  , 
stones,  and  nearly  all  the  metals, 
from  sold  to  iron  inclusive — was 
devoid  of  one  natural  product,  use- 
ful, if  not  absolutely  essential,  to 
the  fiiU  utiUzation  of  the  other 
mineral  treasures  —  namely,  coal; 
but  such  a  supposition  was  alto- 
gether erroneous,  as  recent  investi- 
gations have  fully  shown.  A  writer 
in  a  recent  number  of  the  '  Quar- 
terly Review '  *  for  1860,  mentions 
(on  what  authority  is  not  stated) 
the  existence  of  a  coal-field  upwards 
of  60  leagues  in  extent,  and  40  miles 
from  the  sea.  Considering  that 
Brazil  has  a  seaboard  of  more  than 
2,000  miles,  the  description  of  the 
locality  is  sufficiently  vague ;  but, 
as  far  as  it  goes,  the  information  is 
strictly  correct;  this,  however,  is 
all  that  was  known  on  the  subject 
on  tMs  side  of  the  Atlantic  till  very 
recently.! 

*  No.  216,  page  338  in  foot  note. 

t  A  correspondent  of  the  'Mining 
Journal,*  No.  }484,  states  that  "  years 
since  samples  of  the  coels  were  sent  to 
this  country,  and  analysed  by  Dr. 
Percy."  It  may  also  be  stated  that 
specimens  of  coal  fix>m  Brazil  were 
shown  in  the  Exhibition  of  1862,  and 
were  reported  on  by  Mr.  W.  W.  Smyth, 
in  Juiy  Reports. 


To  a  countryman  of  our  own,  Mr. 
Nathaniel  Plant,  we  are  indebted 
for  a  full  account,  through  his 
brother,  Mr.  J.  Plant,  Curator  of 
the  SiJford  Museum,  of  the  position 
and  resources  of  three  distinct  coal- 
fields which  he  has  recently  ex- 
plored in  the  southern  part  of  the 
empire ;  the  lai^est  presents  some 
features  of  peculiar  interest,  which 
we  proceed  oriefly  to  lay  before  our 
readers. 

The  first  notice  of  these  minerals 
seems  to  have  been  taken  by  Mr. 
Bonhech,  son  of  the  Governor  of  the 
province  of  Rio  Grande  do  Sul,  in 
which  the  largest  of  the  three  coal* 
fields  is  situated.  This  was  in  the 
year  1869,  and  it  was  probably 
through  the  report  of  this  gentl^ 
man  diat  the  writer  in  the  *■  Quar- 
terly Review '  obtained  his  informa- 
tion. The  matter,  however,  seems 
to  have  been  lost  sight  of  until  the 
end  of  1861 .  When  Mr.  Plant>  who 
for  several  years  had  been  exa- 
mining the  mineral  districts  of  Rio 
Grande,  in  the  service  of  the  Im- 
perial Government,  determined  to 
make  a  fiiller  exploration  of  the 
coalniistrict,  and  he  has  now  sent 
to  this  coimtry  an  account  of  the 
very  remarkable  deposits  of  mineral 
fiiel  he  met  with,  together  with 
those  unbiassed  witnesses — photo- 
gi'aphic  views,  and  rock  specimens.* 

llie  Candiota  field  is  the  largest 
of  three  which  have  as  yet  been  dis- 
covered. It  extends  from  lat.  32^  S. 
to  28°  S.,  and  is  thus  at  the  southern 
extremity  of  the  province  of  Rio 
Grande  do  Sul.  It  is  traversed  by 
the  river  Jaguarao  and  several  of 
its  tributaries,  along  whose  banks 
the  seams  of  coal  crop  out.  There 
are  two  great  seams  of  bituminous 
coal,  the  lower  being  25  feet  in 
thickness,  the  upper  part  of  which 
is  shown  in  the  sketch,  and  is  sepa- 
rated by  only  a  very  few  feet  of 
shide  from  the  upper  bed  (or  series 
of  beds),  which  is  40  feet  in  thick- 
ness. 

*  These  have  been  laid  before  the 
G^logical  Society  of  Manchester  by 
his  brother,  1864. 
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sent  over  several  pieces  of  iron- 
stone, on  which  are  imprinted  very 
distinct  specimens  oi  L^idoden^ 
dron,  and  several  ferns  not  unlike 
those  of  the  coal-measures  of  Britain. 
A  gentleman,  also,  who  has  studied 
the  coal-measures  of  Nova  Scotia, 
which  are  of  the  same  age  as  those 
of  Britain,  refers,  in  a  letter  which 
we  have  seen,  to  fine  specimens  of 
SigtHaria  and  Stigmariay  both  of 
which  are  characteristic  of  this  pe- 
riod. Specimens  of  these,  however, 
are  not  in  the  collection  we  have 
examined,  but  nothing  can  be  more 
distinct  than  the  fronds  of  Lemdo- 
dendron  already  referred  to.  While 
on  this  subject  we  may  be  allowed 
to  remark,  that  although,  on  the 
authority  of  Professor  M*Coy,  the 
age  of  the  Australian  coal-fields  was 
for  some  time  considered  to  be  Ju- 
rassic, the  recent  investigations  of 
the  Rev.  W.  R  Clarke  go  to  esta- 
blish the  Carboniferous  age  of  these 
beds.  Mr. Clarke  has  sent  to  England 
a  collection  of  fossils  from  the  New 
South  Wales  coal-field,*  containing 
specimens  of  Lepidendron  and  Spi- 
ri/er;  and  thus  it  would  appear 
that,  during  the  same  great  epoch, 
so  pre-eminently  carboniferous,  de- 
posits of  coal  were  being  elaborated 
oyer  both  hemispheres  and  on  both 
sides  of  the  equator ;  a  marvellous 
instance  of  the  uniformity  of  na- 
ture's operations  in  early  geologic 
times. 

The  importance  of  these  great 
deposits  to  the  commerce  of  the 
eastern  seaboard  of  South  America 
need  not  be  dwelt  upon.  At  the 
present  time,  260,000  tons  of  coal 
are  annually  imported  into  Bio 
Janeiro,  at  a  cost  of  490.  per  ton, 
and  from  this  dep6t  other  coast- 
towns  are  suppUed.  When  once 
the  coal-field  of  Candiota  is  opened 
up,  the  BraziUan  Government  may 
be  suppHed  at  less  than  half  the 
price,  and  our  own  httle  Island  be 
spared  the  doubtful  honour  of  pro- 
viding fuel  for  a  continent  on  the 
other  side  of  the  globe. 

Edward  Httll. 

*  In  the  Muaeum  of  the  Geological 
Society  of  London,  Somerset  Hoiue. 


Malt  08  Cattle  Food.  By  J.  Chalmers 
Morton. 

Stbeatlet,  near  Beading, 

Your  agricultural  chronicle  will 
doubtless  place  before  your  readers 
the  fact  that  a  biU  has  been  intro- 
duced into  ParUament,  which  will 
probably  pass  into  law,  for  permit- 
tiDg  the  use  of  malt  duty  free  in 
feeaing  sheep  and  cattle.  They 
may,  however,  wish  to  know  the 
probabilities  of  this  measure  prov- 
ing agriculturally  serviceable,  more 
in  detail  than  the  limits  of  the 
chronicle  will  enable  you  there  to 
discuss  them. 

The  measure  has  probably  origi- 
nated in  the  interview  with  which 
the  Chancellor  of  the  Exchequer 
honoured  a  deputation  of  the  Cen- 
tral Farmers'  Club  early  last  year, 
when  Mr.  Booth  of  Warlaby,  Mr. 
Arkell  of  Swindon,  and  Mr.  Williams 
of  Baydon,  all  well-known  agricul- 
turists, declared  to  him  that  malt  is 
greatly%uperior  to  barley  as  food  for 
cattle  and  for  sheep ;  and  when  Mr. 
Williams  in  particular  put  the  case 
of  an  Englisn  fEirmer  who  had  fed 
300  sheep  on  a  lot  of  spoiled  malt, 
and  was  refused  a  drawback  of  the 
duty,  though  this  would  have  been 
allowed  to  him  had  he  exported  the 
malt  to  a  French  fiumer,  who  might 
thereafter  have  sent  his  sheep, 
£eittened  on  this  veiy  malt,  for  sale 
at  Smithfield.  '*Thus,  while  the 
foreigner  might  have  the  advantage 
of  feeding  his  sheep  on  malt  without 
paying  any  duty,  the  British  farmer, 
if  he  wished  to  feed  his  sheep  on 
malt,  was  subject  to  a  tax  of  21s.  6d. 
per  quarter."  llie  inconsistency  of 
this  was  obvious  enough  to  the  logi- 
cal mind  to  whom  it  was  thus  pre- 
sented, and  accordingly  we  have  now 
a  Bill  which  will  for  the  future  put 
an  end  to  so  mat  an  anomaly  1 
Barley  may,  for  Uie  future,  in  houses 
set  apart  for  the  purpose,  be  malted ; 
and  the  malt  may  be  dried  and 
gix)und,  with  10  percent,  of  linseed, 
to  a  certain  degree  of  fineness,  and 
it  may  be  thereafter  sold  under  cer- 
tain conditions,  dutyfree,  for  feeding 
purposes.  And  no  English  farmer 
will  hereafter  be  able  to  complain 
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that  he  is  being  undersold  in  the 
meat  market  by  foreign  mutton  mo^ 
cheaply  fed  than  his  own.  Will  this 
lead  to  any  cheapenine  of  the  meat 
manufacture  here  ?    I  think  not. 

What  are  the  circumstances? 
On  the  one  hand,  we  have  the  prac- 
tical experience  only  of  the  few  men 
whO)  in  spite  of  the  duty  hitherto, 
have  used  it  for  the  purpose  of  put- 
ting the  last  finish  to  the  fattening 
process,  when  the  pampered  appe- 
tite of  the  animal  intended  for  exhi- 
bition refuses  everything  but  an 
unusual  dainty.  Liebig  also  writes 
to  Mr.  Bass,  M.P.,  a  letter,  which 
may,  however,  be  quoted  by  either 
party  to  the  discussion,  but  refer- 
ring especially  to  the  greater  diges- 
tibility of  the  malted  barley.  The 
letter  is  as  follows : — 

"  In  forming  a  judgment  on  the 
feeding  properties  of  malt,  when 
^ven  to  horses,  cattle,  and  sheep, 
it  is  obvious  that  in  comparing  it 
with  barley  we  must  not  lose  sight 
of  the  feict  that  there  is  a  lareer 
amount  of  nourishment  in  barley 
than  in  the  malt  manufactured  from 
it;  for  in  the  process  of  malting 
barley  suffers  a  loss  in  weight 
amounting  to  from  7  to  11  per  cent, 
of  dr^  substance.  The  'rootlets' 
constitute  3  to  3^  per  cent,  of  this 
loss,  and  as  they  contain  a  pretty 
hrge  quantity  of  blood-forming 
(nitrogenous)  matter  (25  to  30  per 
cent.),  the  grain,  by  their  separation 
from  it,  undeigoes  a  loss  of  one  of 
its  nutritive  elements.  Hence  it  is 
clear  that  if  in  practice  the  feeding 
qualities  of  malt  are  found  to  be 
greater  than  those  of  barley,  this 
can  only  arise  from  the  circumstance 
that  the  nutritive  matter  contained 
in  malt  is  present  there  in  a  more 
soluble,  more  digestible  state  than 
in  barley;  and  that  therefore  in 
feeding  with  barley  more  nutritive 
matter  leaves  the  body  in  an  undi- 
gested state  than  is  the  case  when 
an  equal  weight  of  malt  is  used  as 
food.  There  can  be  no  doubt  what- 
ever that  in  malt  blood-forming  mat- 
ter is  contained  in  a  more  soluble 
form  than  in  barley  ;  for  the  process 
of  malting  occasions  a  loosening  of 


the  component  parts  of  the  grain  in 
so  great  a  degree  that  100  volumes 
of  dry  bai'ley  yield  (notwithstanding 
the  loss  of  weight)  112  to  114  vo- 
lumes of  dry  malt.  Such  a  loosen- 
ing of  the  inner  parts  of  the  grain, 
thus  enabling  the  gastric  juice  in 
the  animal  body  to  penetrate  it  more 
easily  and  thoroughly,  is  not  to  be 
attained  in  like  degree  by  a  mecha- 
nical process.  The  comparative 
analysis  shows  finally  that  the 
amount  of  readily  soluble  blood- 
forming  elements  in  barley  is  1|  per 
cent.,  and  in  malt  2*2^  per  cent. 
By  the  process  of  drying  in  the  kiln, 
a  part  of  the  soluble  blood-forminff 
elements  is  rendered  insoluble,  ana 
from  this  it  cannot  add  to  the  feed- 
ing capabilities.'* 

On  the  other  hand,  there  is,  in 
addition  to  the  considerations 
against  the  economy  of  malt  which 
this  letter  urges,  the  fact  that  in  the 
case  of  ruminating  animals,  for  which 
the  farmer  will  principally  us^  it^ 
there  can  hardly  be  aoy  room  for 
the  idea  that  increased  digestibility 
will  prove  advantageous.  Indeed, 
the  increased  solubility  of  the  food, 
especially,  mixed,  as  it  will  be,  with 
liniseed  meal,  will  tend  to  its  passage 
with  wasteful  rapidity  through  the 
digestive  organs.  And  there  is  also 
the  fact  that  a  very  great  waste  of 
substance  takes  place  in  malting. 
If  barley  after  being  malted  will 
occupy  a  rather  larger  space  than  it 
did,  the  loss  of  weight  per  bushel  is 
in  great  excess  of  any  advantage 
there.  The  loss  of  weight  on  the 
whole  does  indeed  generally  exceed 
20  per  cent.,  and  this  is  too  large  to 
be  counterbalanced  by  any  improve- 
ment the  substance  may  have  ac- 
quired, whethtr  in  digestibility  or 
otherwise,  during  the  process. 

Apart,  however,  altogether  from 
the  relative  merits  of  barley  and 
malt  as  food  for  cattle  and  sheep, 
there  are  cheaper  and  better  foods 
now  in  use  than  either  of  them  will 
ever  be.  Except  in  pig-feeding, 
where  barley  is  the  chief  food  used, 
it  is  of  but  little  service  in  our  meat 
manufacture.  Oilcakes  of  various 
kinds,  peas,  beans,  linseed,   carob 


appearance 


[April, 

SjliBt  of  actirai,  this  constituent 

BmH  it«  origiiul  Bur&ce  and  po- 

SlLSiiereAS  the  other  two  are  so 

flfffSl^iBSolved  that  it  ertfuida  up 

S^wtoieot  relief  to  allow  of  the 

SAMlbeing  used  for  aurfaoe  print- 

Sl.TRfead  of  a  woodcut,  to  sihlbit 

.-ucture  of  different  varietiea 

J     At  the  late  conTersozioae 

l^effield  Literary  aad  Philo- 

\d   Society,    Bpecimiina   ware 

|i    showing    ttie 

Juare  bar  of  it 

I  (trana verse    section),    iron 

...Aing    in   the    centre;    a   flat 

ttiroD,  slightly  converted,  the 
B  being  smaU ;  a  square  bar 
■twice  converted  (tnutarerae 
~n),  showing  the  centre  incom- 

enverted  ;  a  flat  bar  of  irou, 
nverted,  the  cryntals  being 
large ;  a  round  bar  of  "  homo- 
.„s  metal,"  converted  Ttrono- 

.^Motion)  ;  and  a  flat  bar  of 

■i^UiSered  cost  iiteel,  reconverted, 
:^bi|&vBta]a  being  very  large.  In 
■i^i^^iwat  you  may  convey  to  your 
:*^<Uwt  some  idea  of  the  appeor- 
'^^Slhus  presented,  I  send  you 
iS^^h  a  emaJl  block  of  prepu^ 
"•{^•capable  of  being  employed 


^Hrausverse  section  of"  blister 

'^■yrom  a  flat  bar  of  iron  higbly 

._ked.     The  beat  method  of 

li^glf  the  prints  is  by  mounting 

,1  stereoscopic  objects,  for 

ipear  to  great  advantage  un- 

''     a    magnifving    power. 

r  more  suitable  for  olister 

,.p.  , for  any  other  metal,  jet 

|l(5S«^^"J§»nts  may  be  obtained  from 

''■^''"T^^s  of  armour-plates  and  other 

|»i<^«a  of  iron,  which  show  cer- 

,  ,?|N;uliarities  in  their  structure 

_la>^y  satisfactory  manner. 

-W.-*-  H.  C.  BORBT,  F.R.S.,  &c. 


(    393    ) 


iSooltd  xtttibt'b  for  ISUbitia, 


Fiom  Mestrt.  Lengman  Ss  Co. : — 

Thb  firoRT  cxt  THE  GuNS.  By  6if  J.  Einenon  Texment,  K.O.S.»  F.B.S. 
Illustrated.    400  pp.    8yo. 

EuDfEins  OF  Physics,  ob  Natural  PsiLoeoFHT.  Wntten  for  general  tne  in 
plain  or  non-teohnical  language,  by  NeU  Amott,  M.D.,  F.E.S.,  Ao.  6th 
and  completed  Edition.    Part  I.    480  pp.    8vo. 

A  Guide  to  Gsoloot.  By  John  Phillips.  M.A.,  LL.D..  F.B.S.,  F.G.Bh  Pro- 
fessor of  Geology  in  the  Univenaity  of  Oxford  5jbh  Edition.  Blnatrated. 
820  pp. 

The  Battue  or  the  Standabob  ;  the  Ancient  of  Four  Thouaand  Years  against 
the  Modem  of  the  last  Fifty  Years*  the  less  perfect  of  the  two.  By  ^ohn 
Taylor,  author  of  •  The  Great  Pyramid,  why  was  it  built  ?  *    100  pp.    8vo. 

Biographical  Skftoh  ov  Sir  BENJAiinr  Brodib,  late  Sergeant-Surgeon  to  the 
Queen  and  President  of  the  Rcnral  Society.  By  Henry  W.  Acland,  Begius 
Professor  of  Medicine  in  the  ImiTersity  of  Oxwrd.    80  pp.    8vo. 

The  Pbincifles  of  Agriculture.  By  Wm.  Bland,  M.'RJ^.S.,  author  of  '  The 
Principles  of  Construction  in  Arches,  Piers,  Buttresses,  &c.*  2nd  Edition. 
140  pp. 

From  Mr.  Van  Voont  ;— 

Bbitish  Goncholoot,  or  an  Account  of  the  Mollusea  which  inhabit  the 
British  Isles  and  the  surrounding  Seas.  Vol.  II.  Marine  Shells,  eompris- 
ing  the  Brachiopoda  and  Conchifera  from  the  Family  Anomiidffi  to  that  of 
Mactrids.    By  John  Gwyn  Jeffreys,  F.B.S.,F.G.S.,  &o.  8phite8.   480  pp. 

From  Meaan.  John  Chim:hiU  &  Sons : — 

Habdwich^s  Photoobaphic  Chemistrt.  7th  Edition.  Revised  by  G.  Daw- 
son, M. A.,  Lecturer  on  Photography,  King's  College,  London ;  and  £.  A« 
Hadow,  Demonstrator  of  Chemistey,  King's  College,  London.     Illustrated. 

608  pp. 
The  Seoond  Step  in  Chemistrt,  or  the  Student's  Guide  to  ilie  Higher 
Branches  of  the  Seience.    By  Robert  Galloway,  F.C.6n  Professor  of  Prac- 
tical Chemistry  in  the  Museum  of  Irish  Industry.    Dublin.    Illustrated, 
792  pp. 

From  Mr.  Stanford: — 

Pure  Logic,  ob  the  Logic  of  Qualttt  apart  rROM  Quantitt;  with 
remark's  on  Booles  System  and  on  the  relation  of  Logic  and  Mathematics. 
By  W.  Stanley  Jeyons,  MA.    85  pp. 

From  Mesars.  A.  Brown  Sf  Co.,  Aberdeen: — 

The  BoTAmar's  Guide  to  the  Counties  of  Ahebdeen,  Baniv,  and  Kincar- 
dine. By  G.  Dickie,  A.M.,  M.D.,  Professor  of  Botany  in  the  University 
of  Aberdeen.    Map.    350  pp.    8yo. 

From  the  Author : — 

A  Handbook  op  Descbiptive  and  Pbactical  AarBONOMT.  By  George  F. 
Chambers,  F,B.G.S.    lUustrated.    560  pp.    (J.  Murray,  1861.) 


(    89A    ) 
PAMPHLETa 

LEGTUBE8  AND  ADDBESBES. 

Tbb  Powbb  of  God  in  Hib  Aivimal  Gbbation.  By  Professor  B.  Owen,  D.G.L. 
Exeter  Hall  Lecture. 

AmnysRSABT  Addbess,  GioiiOOiGAL  Sooiett  or  London.  By  Professor  A.  G. 
Bamsay,  F.B.S.»  President.    (Taylor  &  Francis.) 

Addbbbb  of  thb  Pbebidxnt  of  ths  iNBTETunoN  OF  GiviL  Enoinekbs,  J.  B. 
M'Lbjln,  lEeq^  F.B  JI.S.    1863-4.    (Glowes  &  Sons.) 

Address  of  the  Pbesident  of  the  West  Kent  Natural  HiffroBT, 
MiOBOSOOFiOAL  AND  Photoqbafhio  Sooiett.  Fredk.  Gnrrey,  Esq.,  M.A., 
F.B.S.y  &c.,  with  Beport,  &o.    (Grockford,  Greenwich). 

Address  of  the  President  of  the  Bath  Natural  Histort  and  Anti- 
quarian Field  Glub.  Bevd.  Leonard  Jeuyns,  MA.,  F.L.S.,  &c.  (Hay- 
ward,  Express  Office,  Bath). 

Bules  for  Zooloqioal  Nokenclature.  By  the  late  Hngh  E.  Strickland. 
Beprinted  hy  Sect.  D.  British  Association.    (Neill,  Edinburgh.) 

On  Deficienoy  of  Vital  Power  in  Disease,  and  on  Suffoet.  By  Lionel  S. 
Beale,  M.B.,  F.B.S.,  F.B.G.P.,  &c.    (T.  Bichards.) 

Obsebtationb  upon  the  Essential  Ghanoes  ooouRRma  in  iNiXiAMMATioN.  A 
Lectnro.    Same  Author.    (Deey,  Dublin.) 

The  Patent  Queotion.  A  Paper  read  at  the  Association  for  the  Promotion 
of  Social  Science,  Edinburgh,  by  B.  A.  Macfie,  Piesident,  Liverpool  Gham- 
ber  of  Gommerce.    (W.  J.  Johnson,  London.) 

PEKIODICALS. 

The  Gheiqcal  News.— Beyue  Universelle  des  Mines,  &c.,  sous  la  direction 
de  M.  Gh.  de  Guyper.  Noblet  &  Baudiy,  Paris  and  lidge.— The  Dublin 
QuARiEBLT  Journal  of  Soiengb.— Artizan. 

EEPRINTS. 

YEOiTrABLE  Morphology.  By  M.  T.  Masters,  F.L.S.— Goethe*s  Essat  on  the 
Metamorphosis  of  Plants.  Tnmslated  by  Emily  M.  Gox,  notes  by  M.  T. 
Masters,  M.D. — Properties  of  Eleciro-depobited  Antimont.  George 
Goro. — Obsertationb  on  the  Planet  Mars.  By  J.  Norman  Lockyer, 
F.B.A.S.—  Notes  bur  la  Fabrication  de  lAcier  en  Angleterre.  Par  E. 
Grateau,  Ing.  ciyil  des  Mines.  Paris. — Leb  Polynbsiens  et  Leurs  Migra- 
tions.   A.  de  Quatieiages,  Membre  de  I'lnstitut  de  France. 

PROCEEDINGS  OF  SCIBNTIFIO  SOCIETIES. 

The   Botal — Botal  Geooraphioai. — Ethnologioal— Gboloqioal — Botal 

AflTRONoiacAL — MicRosooFiOAL— Zoological  :  all  of  London. 
Liverpool  Literart  and  Philosophical  SocnnT. 

TRANBACmONS  OF  THE  NORTH  OF  ENGLAND  InGTITUTB  OF  MiNING  ENGINEERS. 

October  and  November,  1863*    On  the  Discovery  of  Bock  Salt  at  Mid- 
dlesbro.'    By  John  Marley. 

La  Socibtb  Batavb  de  PhUiOBophib  Experdientalb  de  Botixrdam. 


IMKDOV :  FBiyTSD  BT  W.  CMWlt  AXD  80HS,  CTAVTOBD  tntsn  AVD  CBAXIVG  CBOM. 


•to    ASVB&TXSSBS. 


QUAETEELY  JOURNAL  OF  SCIENCE. 


'*o*- 


SCALE  OF  CHABGES. 

£    t.    d. 

Eigbih  of  a  Page,  or  under      •        .        .060 

Quarter  of  a  Page 0  11    6 

Half  a  Page 110 

A  Page ..200 

Bills  inserted 2    2    0 


NOTICE  TO  READERS. 


The  Editors  will  be  glad  to  receive  the  printed  Reports  of  all 
Scientific  Societies  (Metropolitan  or  Proyincial),  including  those  of 
Schools  and  Classes  of  Science,  and  of  Naturalists'  Field  Clubs.  Also 
Scientific  Addresses,  Reports,  and  Lectures. 

Manuscript  sent  for  approval  must  be  accompanied  with  sufficient 
stamps  to  coyer  the  return  postage  in  case  it  should  be  deemed  unsuit- 
able. Observers  in  all  branches  of  Science  are  invited  to  conmrani- 
cate  briefly  their  new  observations,  but  copies  of  these  must  be  kept 
by  Authors,  as  they  cannot  be  retained  if  not  oonsidered  suitable 
to  the  pages  of  this  Jourqal. 

•  . 

Contributors  are  alone  responsible  for  their  opinions  on  Scientific 
subjects.  The  desire  to  publish  both  sides  of  a  debated  theory  may 
often  necessitate  the  insertion  of  views  at  variance  with  those  of  the 
Editors. 

No  notice  whaieter  wiU  he  taken  of  anonymom  communtccUione. 


r 


u 


r 


* 


THE   QUAETERLY 


I 


No.   III. 

JULY,      1864. 


^ 


Isi] 


(^LONDON: 
JOHN  CHURCHILL  AND  SONS,  NEW  BURLINGTON  STREET. 

To  whom  Communications  for  the  Editors  and  BooJcs  for  Review  may  he  addretwed. 


Paria: 
VICTOR  MASSON-  ET  FILS. 


lieipsder : 
LUDWIG  DENIOKE. 


i^; 


PBICB  FIYB   SHILLINGS. 


London :  Printed  by  W,  Cuowkb  and  Sons,  Stamford  Street  and  Charing  Crom. 


r 


1 


W63«g»t««^5-ft»*!-w-w«t«HB- 


.^.  .^.  .^.  .^.  .^.  .^.  .^.  .^.  -j^.  -j^.  -j^. 


.  .^-  .^-  .^-  .^-  .^-  .^-  .^-  .^.  .^.  .^.  .^.  .^.  -J^.  -J^.  -J^. . 


THE  QUARTERLY 


JOURNAL  OF   SCIENCE. 


JULY,   1864. 


ORIGINAL   ARTICLES. 


ON  THE  PHYSICAL  ASPECTS  OF  THE  MOON'S  SURFACE. 

By  James  Nasmtth. 

The  desire  to  know  something  of  other  worlds  besides  our  own  has 
ever  been  a  prominent  one  with  intelligent  minds,  and  as  the  telescope 
has  enabled  us  yirtually  to  reduce  the  distance  between  ourselves 
and  those  remote  orbs  that  revolve  around  the  sun,  many  iactB  have 
thus  been  elicited  concerning  their  physical  constitution. 

Interesting  as  such  facts  may  be,  they  are  vague  and  insufficient 
as  compared  with  those  which  the  telescope  has  revealed  to  us,  in 
regard  to  our  nearest  celestial  neighbour,  the  Moon,  whose  com- 
parative proximity  enables  us,  even  by  the  aid  of  a  moderate  magnify- 
ing power,  to  gain  a  very  exact  knowledge  of  the  physical  structure 
of  her  surface* 

As  the  Moon's  hemisphere,  which  is  ever  turned  towards  us,  has 
its  features  illuminated  in  opposite  directions  during  her  monthly 
passage  in  her  orbit  around  the  earth,  every  part  of  it  is  exposed  in 
turn  to  the  rays  of  the  sUn,  which  fall  on  the  details  of  its  features  in 
constantly  varying  inclinations ;  and  it  is  from  this  circumstance  that 
we  have  such  favourable  opportunities  afforded  to  us  of  obtaining  a 
very  correct  knowledge  of  the  configuration  of  the  details  in  question, 
as  well  as  of  their  height  or  depression  above  or  below  the  mean 
level  of  the  Moon's  general  surface.  Thus  it  is  that  we  are  enabled 
most  carefully  to  scrutinize  her  remarkable  surface ;  and  should  we 
have  drawn  any  hasty  inferences  from  one  set  of  observations,  the 
opportunity  is  usually  presented  to  us  in  the  course  of  a  fortnight,  or 
at  faiiihest  a  month,  to  correct  them  if  erroneous,  or  to  verify  tibem  if 
accurate,  and  to  pursue  further  investigations  that  may  be  suggested 
by  reflection  on  what  we  had  last  observed. 

In  these   respects  telescopic  visits  to  the  sur£BU»  of  the  moon 
yield  more  correct  and  reliable  results  than  would  many  a  visit  to 
portions  of  our  world  where  the  scenery  to  be  surveyed  is  not^ 
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perhaps,  conyeniently  accessible :  and  even  when  it  is  reached,  the 
trayeller  may  be  surronnded  by  circumstances  which  very  seriously 
interfere  with  his  personal  comfort,  or  disturb  that  tranquillity  which 
is  so  requisite  a  condition  for  dose  and  accurate  observation,  and  thus 
lead  him  to  hasty  conclusions,  which  he  has  no  future  opportunity  to 
rectify.  In  strong  contrast  with  such  circumstances  is  the  position 
of  the  astronomer,  comfortably  placed  beside  his  telescope,  in  the 
silence  and  tranquillity  of  a  fine  clear  night,  with  all  distracting 
objects  excluded  from  his  view.  The  whole  of  his  attention  is  thus 
brought  to  focus,  as  it  were,  on  the  point  under  investigation  there 
and  then  presented  to  his  scrutiny,  and  ready  to  yield  perfectly  truth- 
ful replies  to  his  questions;  nothing  being  requisite  for  a  correct 
interpretation  of  facts,  other  than  a  quick  eye  backed  by  a  sound 
and  unbiassed  judgment. 

It  is  from  circumstances  such  as  these  that  we  have  acquired,  by 
a  long  course  of  assiduous  observation  and  reflection,  an  amount  of 
intimate  acquaintance  with  the  physical  structure  of  the  Moon's 
exterior,  in  many  important  respects  far  more  accurate  than  is  our 
knowledge  of  that  portion  of  the  earth. 

In  order  rightly  to  interpret  the  details  of  the  Moon's  surface,  as 
revealed  to  us  by  the  aid  of  the  telescope,  we  ought,  in  the  first  place, 
to  bear  in  mind  the  true  nature  of  volcanic  action,  namely,  that  while 
it  has  reference  to  the  existence  of  intense  temperature  and  molten 
matter,  it  does  not  derive  its  origin  from  combustion,  considered  as 
such  in  a  strictly  chemical  sense,  but  proceeds  from  an  incandescent 
condition,  induced  in  matter  by  the  action  of  that  great  cosmical  law 
which  caused  an  intense  heat  to  result  from  the  gravitation  of  particles 
of  matter  towards  a  common  centre.  These  particles,  originally  exist- 
ing in  a  diffused  condition,  were,  by  the  action  of  gravitation,  made 
to  coalesce,  and  so  to  form  a  planet.  Volcanic  action,  then,  has  in 
all  probability  for  its  source  the  heat  consequent  upon  the  collapse  of 
such  diffused  matter,  resulting  in  that  molten  condition  through 
which  there  is  strong  reason  to  believe  all  planetary  bodies  to  have 
pwssed  in  their  primitive  state,  and  of  which  condition  the  geological 
history  of  our  earth  furnishes  abundant  evidence.  Thus  the  molten 
lava  which  we  see  issuing  from  an  active  volcano  on  the  earth,  is 
really  and  truly  a  residual  portion  of  that  molten  matter  of  which 
the  entire  globe  once  consisted. 

In  reference  to  the  nature  and  origin  of  that  eruptive  force  which 
had,  again  and  again  in  the  early  periods  of  the  Moon's  history, 
caused  the  remaining  molten  matter  of  her  interior  to  be  ejected  from 
beneath  her  solidified  crust,  and  so  to  assume  nearly  every  variety  of 
volcanic  formation  in  its  most  characteristic  aspect,  the  key  to  these  may 
be  found  in  the  action  of  that  law  which  pervades  almost  all  matter  in 
a  molten  condition,  namely,  that  "  molten  matter  occupies  less  bulk, 
weight  for  weight,  than  ihe  same  material  when  it  has  ceased  from 
the  molten  state ;  "  or,  in  other  words,  that  "  matter  in  a  molten  state 
is  specifically  more  dense  than  the  same  material  in  a  solidified  con- 
dition." Thus  it  is  that  in  passing  from  the  molten  to  the  solid 
state  the  normal  law  is  resumed,  and  expansion  of  bulk  either  just 
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the  lunar  materials  on  its  surface  is  reduced  in  the  latter  proportion, 
while,  on  the  other  hand,  by  reason  of  the  small  magnitude  of  the 
Moon  and  its  proportionately  much  larger  surface  in  ratio  to  its  magni- 
tude, the  rate  at  which  it  parted  with  its  original  cosmical  heat  must 
have  been  vastly  more  rapid  than  in  the  case  of  the  earth.  Now,  as  the 
disruptive  and  eruptive  action  and  energy  are  in  proportion  to  the 
greater  rate  of  coolmg,  those  forces  must  have  been  much  greater  in  the 
first  instance ;  and,  operating  as  they  did  on  matter  so  much  reduced  in 
weight  as  it  must  be  on  the  surface  of  the  Moon,  we  thus  find  in  com- 
bination two  conditions  most  favourable  to  the  display  of  volcanic  force 
in  the  highest  degree  of  violence.  Moreover,  as  the  ejected  material 
in  its  passage  from  the  centre  of  discharge  had  not  to  encounter  any 
atmospheric  resistance,  it  was  left  to  continue  the  primary  impulse  of 
the  ejection  in  the  most  free  and  uninterrupted  manner,  and  thus  to 
deposit  itself  at  distances  from  the  volcanic  vent  so  much  greater 
than  those  of  which  we  have  any  example  in  the  earth,  as  to  result  in 
the  formation  of  the  craters  of  vast  magnitude  so  frequently  encoun- 
tered in  a  survey  of  the  Moon's  surface.  In  like  manner  wo  find  the 
ejected  matter  piled  up  to  heights  i^uch  as  create  the  utmost  astonish- 
ment ;  Lunar  Mountains  of  10,000  feet  high  are  of  frequent 
occurrence,  while  there  are  several  of  much  greater  altitude,  some 
reaching  the  vast  height  of  28,000  feet,  and  that  almost  at  one  bound, 
as  they  start  up  directly  from  the  plane  over  which  they  are  seen  to 
cast  their  long  black,  steeple-like  shadows  for  many  a  mile ;  whilst  at 
other  times  they  intercept  the  rays  of  tho  sun  upon  their  highest 
peaks  many  hours  before  their  bases  emerge  from  the  profound  dark- 
ness of  the  long  lunar  night. 

Among  the  many  terribly  sublime  scenes  with  which  the  Moon's 
surface  must  abound,  none  can  be  grander  than  that  which  would 
present  itself  to  the  spectator,  were  he  placed  inside  of  one  of  these 
vast  volcanic  craters  (Tycho,  for  instance),  surrounded  on  every  side 
by  the  most  terrific  evidences  of  volcanic  force  in  its  wildest  features. 

In  such  a  position  he  would  have  before  him,  starting  up  from  the 
vast  plane  below,  a  mighty  obelisk-shaped  mountain  of  some  9,000 
feet  in  height,  casting  its  intense  black  shadow  over  the  plateau ;  and 
partly  up  its  slope  he  would  see  an  amphitheatrical  range  of  moun- 
tains beyond,  which,  in  spite  of  their  being  about  forty  imles  distant, 
would  appear  almost  in  his  immediate  proximity  (owing  to  the 
absence  of  that  "aerial  perspective,"  which  in  terrestrial  scenery 
imparts  a  softened  aspect  to  the  distant  object),  so  near,  indeed,  as  to 
reveal  every  cleft  and  chasm  to  the  naked  eye  !  This  strange  com- 
mingling of  near  and  distant  objects,  the  inevitable  visual  consequence 
of  the  absence  of  atmosphere  or  water,  must  impart  to  lunar  scenery 
a  terrible  aspect ;  a  stem  wildness,  which  may  aptly  be  termed  un- 
earthly. And  when  we  seek  to  picture  to  ourselves,  in  addition  to  the 
lineaments  and  conditions  of  the  lunar  landscape,  the  awful  effect  of 
an  absolutely  black  fiimament,  in  which  every  star,  visible  above  the 
horizon,  would  shine  with  a  steady  brilliancy  (all  causes  of  scintil- 
lation or  twinkling  being  absent,  as  these  effects  are  due  to  the  presence 
of  variously  heated  strata,  or  currents  in  our  atmosphere),  or  of  the 
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yiyid  and  glaring  snnligbt,  with  which  we  have  nothing  to  compare  in 
OUT  subdued  Bohir  illmnination,  made  more  striking  by  the  contrast  of 
an  intensely  black  sky ;  i^  we  say,  we  would  picture  to  onrselyes  the 
wild  and  miearthly  scene  that  would  thus  be  presented  to  our  gaze, 
we  must  search  for  it  in  the  recollection  of  some  fearful  dream. 

That  such  a  state  of  things  does  exist  in  the  Moon  we  haye  no 
reason  whatever  to  doubt,  if  we  may  be  permitted  to  judge  from  in- 
ferences reasonably  and  legitimately  deduced  from  the  phenomena  on 
its  surface  revealed  by  the  telescope ;  neither  can  there  be  a  question 
as  to  the  presence  there  of  the  same  brilliant  tints  and  hues  which 
accompany  volcanic  phenomena  in  terrestrial  craters,  and  which 
must  lend  additional  effect  to  the  aspect  of  lunar  scenery.  Nor 
must  we  omit,  whilst  touching  upon  the  scene  that  would  meet  the 
eye  of  one  placed  on  the  Moon's  surface,  the  wonderful  appearance 
that  would  be  presented  by  our  globe,  viewed  from  the  side  of  the 
Moon  which  faces  earthward.  Possessing  sixteen  times  the  super- 
ficial area,  or  four  times  the  diameter,  which  the  Moon  exhibits  to  us, 
situated  high  up  in  the  lunar  heavens,  passing  through  all  the  phases 
of  a  mighty  moon,  its  external  aspect  ever  changing  rapidly  as  it  re- 
volves upon  its  axis  in  the  brief  space  of  four-and-twenty  hours,  what 
a  glorious  orb  it  would  appear  I  Whilst  its  atmospheric  phenomena, 
due  to  its  alternating  seasons,  and  the  varying  states  of  weather, 
would  afford  a  constant  source  of  interest.  But,  alas !  there  can  be 
none  to  witness  all  these  glories,  for  if  ever  man  was  justified  in 
forming  a  conclusion  which  possesses  the  elements  of  certainty,  it  is 
that  there  can  be  no  organized  form  of  life,  animal  or  vegetable,  of 
which  we  have  any  cognizance,  that  would  be  able  to  exist  upon  the 
Moon. 

Every  condition  essential  to  vitality,  with  which  we  are  con- 
versant, appears  to  be  wanting.  No  air,  no  water,  but  a  glaring  sun, 
which  pours  its  fierce  burning  rays  without  any  modifying  influence 
for  fourteen  days  unceasingly  upon  the  surface,  until  the  resulting 
temperature  may  be  estimated  to  have  reached  fiilly  212° ;  and  no 
sooner  has  that  set  on  any  portion  of  the  lunar  periphery  than  a  wither- 
ing cold  supervenes ;  the  **  cold  of  space"  itself,  which  must  cause  the 
temperature  to  sink,  in  aU  probability,  to  250**  below  zero.  What 
plant,  what  animal  could  possibly  survive  such  alternations  of  heat 
and  cold  recurring  every  fourteen  days,  or  the  accompanying  climatic 
conditions  ? 

But  let  us  not  suppose,  because  the  Moon  is  thus  unfitted  for 
animal  or  vegetable  existence  as  known  to  us,  that  it  is  necessarily  a 
useless  waste  of  extinct  volcanoes.  Apart  from  its  value  as  ^  a  lamp 
to  the  earth,"  it  has  a  noble  task  to  perform  in  preventing  the  stagna- 
tion that  would  otherwise  take  place  in  our  ocean,  which  would, 
without  its  influence,  be  one  vast  stagnant  pool,  but  is  now  maintained 
in  constant,  healthy  activity,  through  the  agency  of  the  tides  that 
sweep  our  shores  every  four-and-twenty  hours,  bearing  away  with 
them  to  sea,  all  that  decaying  refuse  which  would  otherwise  accumu- 
late at  the  mouths  of  rivers,  there  to  corrupt,  and  spread  death  and 
pestilence  around.     This  evil,  then,  the  Moon  arrests  effectively,  and 
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with  the  tides  for  a  mighty  broom,  it  daily  sweeps  and  purifies  our 
coasts  of  all  that  might  be  dangeroxis  or  offensive. 

But  there  is  still  another  dnty  that  she  fulfils — namely,  in  per- 
forming the  work  of  a  *'  tng  "  in  bringing  vessels  np  our  tidal  rivers. 
Dwellers  in  seaports,  or  those  who  reside  in  towns  situated  up  our 
tidal  streams,  have  excellent  opportunities  of  observing  and  appreciating 
her  value  in  her  towing  capacity ;  and,  indeed,  it  may  with  truth  be 
said  that  no  small  portion  of  the  com  with  which  we  are  nourished, 
and  of  the  coal  that  glows  in  our  firesides,  is  brought  almost  up  to 
our  very  doors  by  the  direct  agency  of  the  Moon. 


GUN-COTTON. 

By  John  Scott  Bussell,  G.E.,  F.B.S. 

Thb  elements  are  proverbially  good  servants,  but  bad  masters — Fire, 
water,  wind,  and  steam  are  fierce  demons  when  they  get  the  upper 
hand ;  yet  what  would  civilization  be,  wanting  the  fire  of  the  kitchen, 
the  smith's  hearth,  and  the  foundry ;  how  should  we  be,  without  seas 
to  carry  our  boats  or  rivers  to  turn  our  mills  ?  Commerce  and  mer- 
chandise are  mainly  conducted  by  the  wind  and  the  sails  of  our  mer- 
chantmen ;  and  steam  clothes  us,  and  carries  us  from  city  to  farm, 
and  from  island  to  continent;  yet  the  earthquake,  the  volcano,  the 
conflagration,  the  torrent,  the  storm,  the  hurricane,  and  the  explosion 
— what  are  they  but  servants  become  masters  ? 

It  is  peculiarly  true  of  steam  and  gunpowder  that  they  are  among 
the  most  useful,  and  most  dangerous  of  human  inventions ;  but  danger 
in  both  is  generally  admitted  to  be  a  matter  merely  of  skill  and  care. 
No  one  proposes  to  put  down  raUways  because  a  locomotive  explodes, 
or  to  give  up  shooting  because  a  gun  has  burst,  or  a  gunpowder 
manufactory  blown  up. 

Gun*<$otton  is  a  new  power  coming  under  the  same  category  as 
steam  and  gunpowder.  It  is  highly  dangerous  to  those  who  don't 
possess  the  necessary  knowledge  and  skill ;  but,  like  them,  it  enor- 
mously extends  human  power,  and,  like  them,  the  skill  to  use  it  can 
be  rightly  and  certainly  acquired. 

The  object  of  this  paper  is  to  extend  the  knowledge  and  skiU  of 
my  countrymen  in  the  use  of  this  new  power.  It  is,  I  believe,  of  £ur 
more  value  to  England  than  to  any  other  nation  in  the  world.  It  is, 
in  my  opinion,  a  power  capable  of  being  extensively  used  for  a 
multitude  of  purposes  yet  unheard  of;  and  I  believe  it  will  play  an 
important  part  in  the  destinies  of  England. 

The  first  question  we  naturally  ask  on  the  introduction  of  a  new 
power  is,  what  are  to  be  its  advantages  over  existing  powers  and  pro- 
cesses ?  In  regard  to  gun-cotton,  we  at  once  ask,  tiberefore,  what  are 
its  advantages  over  gunpowder  ?  Is  it  stronger  ?  Is  it  more  con- 
venient ?    Is  it  cheaper  ?    Why  should  we  give  up  gunpowder  and 


402  Original  Ariide$,  [J^J) 

take  to  gan-ootton?    The  answers  to  these  qtieBtions  categoricallj 
will  best  introduce  it  to  the  English  reader. 

I.  Is  gun-cotton  stronger  than  gunpowder  ?  The  answer  to  this 
is,  Yes,  sixfold  stronger. 

By  this  we  mean  that  if  we  take  a  given  weight  of  gun-cotton,  say 
four  ounces,  if  we  bore  a  hole  1^  inch  in  diameter  and  3  feet  deep, 
into  hard  rock  or  slate,  in  a  quarry,  and  put  4  ounces  of  gun-cotton 
into  it,  it  will  occupy  about  1  foot  of  its  length,  and  the  aperture 
being  closed  in  the  usual  manner,  and  a  matchline  led  from  the 
charge  to  the  proper  distance  firom  which  to  fire  it ;  and  if  we  next 
take  24  ounces  of  best  gunpowder,  bore  a  similar  hole,  and  charge  it 
similarly  with  gunpowder,  and  close  it  in  the  same  way ;  it  has  been 
found  that,  on  tiiese  being  exploded,  the  4  ounces  of  gun-cotton  have 
produced  greater  effect,  in  separating  the  rock  into  pieces,  than  the 
24  ounces  of  gunpowder.  The  answer  is,  therefore,  that  in  disruptive 
explosion  the  strength  of  gun-cotton  is  sixfold  l^t  of  good  gun- 
powder. 

But  the  disruptive  or  bursting  power  of  gunpowder  is  not  always 
the  quality  for  which  we  value  it  most,  nor  the  service  we  require  of 
it.  In  mining  rocks,  in  exploding  shells,  in  blowing  up  fortresses, 
this  property  is  what  we  value,  and  this  work  is  what  we  require. 
But  we  do  not  want  to  burst  our  fowling-pieces,  our  rifles,  our 
cannon.  On  the  contrary,  we  want  to  use  a  force  that  shall  project 
the  projectile  out  of  the  gun  without  bursting  the  gun,  without  strain- 
ing the  gim  beyond  a  given  moderate  limit,  which  it  shall  bo  able  to 
endure.  We  want  therefore  a  service  from  gun-cotton  which  sliall  bo 
the  contrary  of  destructive  to,  or  disruptive  of,  the  chamber  in  which 
it  does  the  work  of  giving  motion  to  the  projectile. 

This  moderated  and  modified  work,  gun-cotton  can  also  perform ; 
and  it  is  the  modem  discovery  of  General  Lenk,  which  has  enabled  us 
to  moderate  and  modify  gun-cotton  to  this  gentler  service.  He  dis- 
covered how  to  organize,  arrange,  and  dispose  mechanically  of  gun- 
cotton  in  such  a  way  that  it  should  be  three  times  stronger  than 
gunpowder.  Accordingly,  one  of  his  charges  of  gun-cotton,  weighing 
16  ounces,  projected  a  12-pound  solid  round  shot  with  a  speed  of 
1,426  feet  a  second,  while  a  charge  of  gunpowder  of  49  ounces  gave 
the  same  shot  a  speed  of  1,400  feet  a  second.  One-third  of  the 
weight  of  gun-cotton  exceeded,  therefore,  the  threefold  weight  of  gun- 
powder in  useful  effect. 

II.  Is  gun-cotton  more  convenient  than  gunpowder?  This  is  a 
larger  and  more  various  question  than  the  former,  and  divides  itself 
into  various  subdivisions. 

It  is  well  known  to  sportsmen,  to  soldiers,  to  artiUery-men,  that 
gunpowder  fouls  a  gun.  A  foul  residue  of  soot,  sulphur,  and  potash 
soils  the  inside  of  the  gun  after  every  charge.  The  gun  must,  some- 
how, be  cleaned  after  a  discharge ;  if  not  it  fires  worse,  recoils  more, 
and  ceases  to  do  its  best.  If  the  gun  be  a  breech-loading  gun  its 
mechanism  is  dirtied,  and  works  less  easily.  Gun-cotton  deposits  no 
residue,  leaves  the  gun  clean  and  clear,  and  the  utmost  it  does  is  to 
Leave  a  gentle  dew  of  clear  water  on  the  inside  of  the  bore,  this  water 
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being  the  condensed  steam  which  forms  one  of  the  products  of  its 
decomposition.  Gun-cotton  is,  therefore,  superior  to  gunpowder  in 
not  fouling  the  gun,  a  result  favourable  both  to  quicker  and  more 
accurate  fixing. 

It  is  further  a  matter  of  no  slight  convenience  that  gun-cotton 
makes  no  smoke.  In  mines  the  smoke  of  gunpowder  makes  the  air 
unbreathable,  and  for  some  time  after  explosion  the  miners  cannot 
return  to  their  work.  In  boring  the  great  tunnel  of  Mont  Cenis 
through  the  Alps,  the  delay  from  smoke  of  powder  alone  will  postpone 
the  opening  of  the  line  for  many  months.  After  a  properly-^sonducted 
explosion  of  gun-cotton,  the  workmen  may  proceed  in  their  work  at 
once  without  inconvenience. 

In  casemates  of  fortresses,  gunpowder  fills  the  casemates  with  foul 
smoke,  and  the  men  speedily  sink  under  the  exertion  of  quick  firing. 
By  using  gun-cotton  it  was  ascertained  that  the  men  coiild  continue 
their  work  unharmed  for  double  the  quantity  of  firing.  This  is  partly 
attributed  to  the  greater  heat^  and  partly  to  the  £)ulnes8  of  l3ie  air 
produced  by  gunpowder. 

But  it  is  under  the  decks  of  our  men-of-war,  that  greatest  benefit 
is  likely  to  arise  from  gun-cotton.  Not  only  does  the  smoke  of  a 
broadside  fill  the  between  decks  with  hot  and  foul  air,  but  the  smoke 
of  the  windward  gun  blinds  the  sight,  and  hinders  the  aim  of  the  lee- 
ward. When  there  is  no  smoke,  as  with  gun-cotton,  the  aim  of  every 
gun  may  be  precise  and  deliberate.  The  diminished  heat  between 
decks  will  also  tell  powerfully  in  flavour  of  gun-cotton.  In  our 
armour-plated  ships  also  there  is  more  value  in  breech-loading  guns, 
than  in  any  other  use  of  artillery.  It  is  one  of  the  necessities  of 
breech-loading  mechanism,  that  it  be  kept  clean,  and  nothing  tends 
more  to  derange  its  perfect  action  than  the  greater  heat  which  gun- 
powder imparts  to  the  gun  from  which  it  is  fired. 

That  gun-cotton  has  the  convenience  of  not  heating  the  gun  has 
been  thus  proved.  100  rounds  were  fired  in  34  minutes  with  gun- 
cotton,  and 'the  temperature  of  the  gun  was  raised  90®.  100  rounds 
were  fired  with  gunpowder,  and  triple  the  time  allowed  to  cool  the 
gun,  which  nevertheless  was  heated  so  much  as  to  evaporate  water  with 
a  hissing  sound,  which  indicated  that  its  temperature  was  much  above 
212**.  Under  these  circumstances  the  firing  with  gunpowder  had  to  be 
stopped,  while  that  with  gun-cotton  was  comfortably  continued  to  180 
rounds. 

It  is  also  a  matter  of  practical  convenience  that  gun-cotton,  inso- 
much as  it  is  lighter,  can  be  carried  more  easily  and  farther  than  gun- 
powder ;  and  it  may  be  wetted  without  danger,  so  that  when  dried 
again  in  the  open  air,  it  is  as  good  for  use  as  before. 

III.  We  have  now  to  ask — ^is  it  cheaper?  The  answer  to  this 
question  must  be  qualified — pound  for  pound  it  is  dearer;  we  must 
therefore  judge  of  its  cheapness  by  its  effect,  not  by  weight  merely. 
But  where  it  does  six  times  as  much  work,  it  can  then  be  used  at  six 
times  the  price  per  pound  and  still  be  as  cheap  as  gimpowder.  As  far 
as  we  yet  know,  the  prices  of  gun-cotton  and  gunpowder  are  nearly 
equal,  and  it  is  only  therefore  where  the  one  has  advantages  and  con- 
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yeniences  beyond  the  other,  and  is  more  especially  suited  for  some 
specific  purpose,  that  it  will  have  the  preference.  Effective  cheap- 
ness will  therefore  depend  mainly  on  which  of  the  two  does  best  the 
particular  kind  of  duty  required  of  it. 

To  illustrate  how  curiously  these  two  powers,  gun-cotton  and  gun- 
powder, differ  in  their  nature,  and  how  the  action  of  gun-cotton  may 
be  changed  by  mechanical  arrangements,  we  may  take  one  kind  of  work 
that  is  required  of  both : — K  a  General  want  to  blow  ox>en  the  gates  of 
a  city,  he  orders  an  enterprising  party  to  steal  up  to  the  gate,  with  a 
bag  containing  100  lbs.  of  gunpowder,  which  he  nails  to  the  gate,  and 
by  a  proper  match-line  he  fires  the  gunpowder  and  bursts  open  the 
gate.  If  he  nailed  a  bag  of  gun-cotton  of  equal  weight  in  the  same 
place  and  fired  it,  the  gun-cotton  would  fail,  and  the  gate  would  be 
uninjured,  although  the  100  lbs.  of  gun-cotton  is  sixfold  more 
powerful  than  the  gunpowder.  Here,  then,  gunpowder  has  the 
advantage — both  wei^t  and  effect  considered. 

But  the  fftult  here  lies  not  in  the  gun-cotton,  but  the  way  of  using 
it.  If  instead  of  100  lbs.  of  gun-cotton  in  a  bag,  25  lbs.  had  been 
taken  in  a  proper  box  made  for  this  purpose,  and  simply  laid  down 
near  the  gate,  and  not  even  nailed  to  it,  this  25  lbs.  would  shiver  the 
gate  into  splinters.  The  bag  which  suits  the  powder  happens  not  to 
suit  the  gun-cotton. 

Gun-cotton  is  therefore  a  power  of  a  totally  different  nature  from 
gunpowder,  and  requires  complete  study  to  know  its  nature  and 
understand  its  use.  It  appears  that  both  gunpowder  and  gun-cotton 
have  special  qualities,  and  may  be  peculiarly  suited  for  peculiar  uses. 
It  is  the  duty  of  a  wise  people  to  make  use  of  both  to  the  ends  they 
each  suit  best,  without  prejudice  arising  from  the  accident  of  novelty 
or  antiquity. 

The  nature  of  gun-cotton  requires  a  double  study,  chemical  and 
mechanical.  It  is  not  like  steam,  the  same  substance,  whether  in  the 
form  of  ice  or  water  or  steam.  It  is  one  substance  when  as  gun- 
cotton  it  enters  the  gun,  and  quite  a  different  one  when  it  has  exploded 
and  leaves  the  gun.  Not  only  are  the  solids  which  enter  converted 
into  gas,  but  they  form  totally  new  combinations  and  substances.  So 
that  the  marvellous  changes  which  the  chemist  effects  by  the  magic 
of  his  art  take  place  in  an  instant  of  time,  and  during  that  almost 
inconceivably  minute  period  of  time,  in  a  laboratory  intensely  heated, 
old  substances  are  dissolved,  their  material  atoms  are  redistributed, 
each  atom  released  selects  by  natural  affinity  a  new  partner,  these 
new  unions  are  cemented,  and  at  the  end  of  this  prolific  instant  totally 
new  combinations  of  matter,  forming  what  we  call  new  substances,  issue 
from  the  gun.  It  so  happens  that  of  these  new  substances,  formed  out 
of  gun-cotton,  all  are  pure  transparent  gases,  while  in  the  case  of  gun- 
powder there  remain  68  per  cent,  of  solid  residue,  and  only  32  per 
cent,  are  pure  gases. 

It  is  to  chemistry  however,  that  we  must  look  for  full  and  authen- 
tic information  as  to  these  wonderful  changes :  first,  from  the  innocent, 
gentle  cotton  wool  in  which  our  wives  and  daughters  wrap  their  jewels 
for  soft  keeping,  into  the  terrible  and  irresistible  compound  of  nitric 
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acid  and  cotton  fibre  which  forms  tri-nitro-cellnlose,  the  chemical 
name  of  gnn-cotton.  Chemistry  must  also  tell  us  how  tri-nitro- 
cellnlose  is  to  be  tamed  by  heat  into  transparent  explosiye  gases  of 
snch  tremendous  power. 

In  short,  chemistry  has  to  supply  ns  with  the  new  material,  and  it 
is  to  the  science  of  mechanics  that  we  must  look  for  inyentions,  of  the 
best  way  to  manipulate  and  apply  it  to  use  for  doing  the  practical 
work  we  set  it  to,  in  the  most  effectual,  convenient,  and  economical 
way. 

The  chemistry  of  gun-cotton  is  therefore  the  first  part  of  our 
study  of  this  power,  and  the  -mechanics  of  gun-cptton  forms  the 
second. 

I. — The  Chimistby  of  Gun-Cotton.* 

Although  gun-cotton  was  discoYered  eighteen  years  ago  by  one  of 
the  first  chemists  of  the  day,  Professor  Sd^onbein,  and  researches  on 
its  nature  and  preparation  were  almost  immediately  instituted  in  this 
country  by  Porrett,  Teschemacher,  Taylor,  Gladstone  and  others,  no 
accurate  knowledge  of  the  true  constitution  and  chemical  nature  of 
this  important  material  was  obtained  until  Hadow,  an  English  chemist, 
published  in  1854  the  result  of  some  valuable  investigations  by  which 
the  mode  of  formation  and  composition  of  gun-cotton  were  conclusively 
established. 

Cotton,  or  cellulose  as  it  is  termed  by  chemists,  is  built  up  of  a 
certain  number  of  atoms  of  carbon,  oxygen,  and  hydrogen.  Chemistry 
is  scarcely  yet  able  to  point  out  how  these  atoms  are  probably 
arranged ;  but  there  appears  to  be  no  doubt  that  some  of  the  elemen- 
tary particles  are  so  intimately  connected  with  the  very  existence 
of  cotton,  that  they  cannot  be  displaced  or  removed  without  destroy- 
ing the  very  existence  of  the  substance ;  whilst  other  atoms,  on  the 
contrary,  are  more  loosely  held  together,  and  are  gifted  with  a  certain 
mobility  which  enables  them  to  be  taken  out  altogether  without 
materiaJly  altering  the  outward  physical  character  of  the  cotton, 
provided  the  spaces  which  these  atoms  would  leave  vacant,  are 
immediately  filled  up  by  certain  other  atoms.  Now,  without  entering 
into  the  details  of  chemical  formulae,  which  would  neither  interest  our 
readers  nor  render  our  meaning  more  intelligible,  we  may  briefly  say 
that,  in  ordinary  cotton,  three  atoms  of  the  hydrogen  (of  which  there 
are  ten  altogether)  are  in  this  loose  state  of  combination,  and  may  be 
removed  and  their  places  filled  up  by  a  compound  atom  of  hyponitric 
add  without  so  far  altering  the  character  of  the  substance  as  to  ren- 
der the  name  of  cotton  inapplicable  to  it.  It  may  be  just  mentioned 
in  passing,  that  it  is  not  necessary  that  the  whole  three  atoms  of 
hydrogen  should  be  taken  out  and  their  places  filled  up  by  hyponitric 
acid ;  only  one  or  two  of  them  may  be  so  replaced,  but  as  these  are 
inferior  for  explosive  purposes  (although  of  great  use  to  photographers, 
inasmuch  as  when  dissolved  in  ether  they  form  collodion),  we  need 

*  For  this  portion  of  my  paper  I  am  indebted  to  the  kindness  of  Mr.  Wm. 
Crookes,  F.B.S. 


406  Original  Articles.  [July, 

only  direct  onr  attention  to  the  compound  with  the  highest  displace- 
ment.  From  its  explosiveness  and  consequent  similarity  to  gan-powdery 
this  has  been  called  gun-coUon.  In  scientific  language,  following  the 
excellent  custom  adopted  by  chemists  in  the  nomenclature  of  organic 
compounds,  a  name  has  been  given  to  it  which  folly  expresses  its 
composition :  cellulose  being  the  scientific  name  for  cotton,  and  the 
prefix  nitro  being  added  when  any  of  the  hydrogen  in  an  organic  com- 
pound is  replaced  by  hyponitric  acid  (by  no  means  an  uncommon 
occurrence  in  organic  chemistry),  chemists  call  the  product  in  this 
instance  tri-^iiro-ceUulose,  signifying  that  it  is  cellulose,  in  which  three 
equivalents  of  the  hydrogen  are  replaced  by  nitrous  acid.  It  is  also 
sometimes  called  pyroxiUn,  under  the  impression,  we  suppose,  that  by 
translating  a  useful  English  term  into  barbarous  Greek  it  becomes 
scientific.  This  system  of  pseudo-scientific  nomenclature  is,  unfor- 
tunately, too  common.  If  an  expressive,  convenient,  but  empirical  name 
be  desired,  by  all  means  let  us  have  the  common  English  name  in 
popular  use.  If,  on  the  other  hand,  a  scientific  term  be  required,  let 
us,  in  the  name  of  all  that  is  scientific,  build  up  this  name  according 
to  the  orthodox  rules  of  science ;  but  we  protest  against  a  name  like 
pyroxilin,  which  leads  to  nothing  but  the  inference  that  science  is  not 
indigenous  to  the  soil  of  England. 

Most  European  governments  have  attempted  to  utilize  gun-cotton 
in  warfare.  Soon  after  its  discovery,  Messrs.  Hall,  the  well-known 
gunpowder  makers  at  Faversham,  commenced  its  manufactm*e  upon  a 
considerable  scale :  their  factory  had,  however,  not  been  long  in  opera- 
tion before  a  very  disastrous  explosion  occurred,  by  which  a  number 
of  men  lost  their  lives,  and  this  was  ascribed  to  the  spontaneous 
ignition  of  the  gun-cotton  :  the  manufacture  was  therefore  abandoned 
in  England. 

As  early  as  the  winter  of  1846  a  French  manufactory  was  estab- 
lished at  the  Government  Powder  Works  at  Bouchet,  near  Paris,  and 
much  valuable  information  was  obtained  respecting  the  comparative 
value  of  gun-cotton  and  gunpowder ;  but  three  disastrous  explosions 
occurring  within  a  year  (one  taking  place  in  a  magazine  near  which 
it  was  believed  that  no  one  had  been  for  several  days)  put  a  stop, 
until  quite  recently,  to  further  experiments. 

In  Austria,  experiments  were  likewise  instituted,  and  although 
the  committee  of  the  German  Confederation  pronounced  unfavour- 
ably upon  it,  one  of  the  members.  General  Lenk,  devoted  himself 
assiduously  to  its  study,  and  with  such  success  that  the  Austrian 
Government  were  induced  to  reconsider  their  adverse  determination. 
The  manufacture  was  commenced  upon  a  large  scale,  and  above  forty 
batteries  of  guns  were  furnished  with  this  agent,  and  successfully  used. 
The  complete  supersession  of  gunpowder  by  gun-cotton  was  con- 
sidered certain,  when  an  explosion,  which  took  place  at  the  Austrian 
gun-cotton  magazines  at  Limering,  again  put  a  stop  (to  some  extent) 
to  its  use  in  artillery.  Another  Austrian  committee,  however,  re- 
ported so  favourably  on  its  value,  stability,  and  non-liability  to  spon- 
taneous explosion,  that  gim-cotton  was  again  restored  to  favour. 

The  very  favourable  accounts  respecting  the  value  of  gun-cotton 
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for  warlike  purposes,  which  were  from  time  to  time  received  by  our 
government,  led  to  experiments  on  a  considerable  scale  in  this  comitry. 
The  manufacture  of  this  agent  is  now  in  fall  operation  both  at  the 
Government  Powder  Works  at  Waltham  Abbey,  and  also  at  a  large  pri- 
vate manufactory  at  Stowmarket. 

The  great  danger  in  the  case  of  the  early  gun-cotton  was  its  liability 
to  spontaneous  explosion,  and  whilst  there  remained  the  slightest  sus- 
picion of  such  a  possibility,  its  employment  for  war  purposes  was  out 
of  the  question.  The  investigations  of  General  Lenk  have  shown 
that  this  accident  is  due  to  imperfect  preparation,  and  that  by  adopting 
the  precautions  which  he  has  pointed  out,  its  spontaneous  ignition  is 
impossible.  It  has  been  very  clearly  established  that  the  lower  nitro- 
compounds of  cellulose,  that  is,  cotton  in  which  only  one  or  two  of 
the  atoms  of  hydrogen  are  replaced  by  hyponitric  acid,  are  much  more 
easily  decomposed  than  the  compound  in  which  the  replacement  has 
proceeded  to  its  fullest  extent.  Tri-nitro-cellulose,  or  true  gun-cotton, 
is  a  remarkably  stable  compoimd  under  all  possible  atmospheric  con- 
ditions, but  it  is  by  no  means  easy  to  ensure  the  complete  conversion  of 
cotton  into  this  body,  and  it  has  been  shown  to  be  in  the  highest 
degree  probable  that  the  explosions  which  put  a  stop  to  the  early 
attempts  at  utilizing  gun-cotton  were  due  to  its  incomplete  conversion. 
The  directions  given  by  Schonbein,  although  successful  on  the  small 
scale,  fEiil  when  tried  with  large  quantities,  and  to  General  Lenk  is 
duo  the  credit  of  devising  a  process  of  manufacture  which  gives  an 
absolutely  uniform  and  true  chemical  compound  when  working  on 
the  largest  scale.  Ordinary  gun-cotton  is  generally  made  by  saturating 
cotton-wool  with  a  mixture  of  one  part  of  concentrated  nitric  acid  and 
three  parts  of  oil  of  vitriol,  and  allowing  the  mixture  to  stand  at  rest 
for  one  hour ;  it  is  then  thoroughly  washed  and  allowed  to  dry  in  the 
air.  This  process  is  tolerably  successful  when  only  about  half-an- 
ounce  of  cotton  is  treated  at  one  time,  but  it  is  found  to  be  ineffectual 
in  making  a  uniform  and  safe  material  for  war  purposes.  The  most 
important  of  the  precautions  recommended  by  Groneral  Lenk,  are,  the 
cleansing  and  perfect  desiccation  of  the  cotton  as  a  preliminary  to 
its  immersion  in  the  acids ;  the  employment  of  the  strongest  acids 
obtainable  in  commerce  ;  the  steeping  of  the  cotton  in  a  strong  mix- 
ture of  acids  affcer  its  first  immersion  and  its  partial  conversion  into  gun- 
cotton  ;  the  continuance  of  the  steeping  for  forty-eight  hours ;  and  the 
thorough  purification  of  the  gun-cotton  so  produced  from  every  trace 
of  free  acid  :  this  is  secured  by  its  being  washed  in  a  stream  of  water 
for  several  weeks.  Subsequently  a  weak  solution  of  potash  may  be 
used,  but  this  is  not  essential.  The  prolonged  continuance  of  tikese 
processes,  which  would  appear  superfluous  at  first  sight,  is  really 
essential,  when  we  consider  that  each  cotton  fibre  is  a  long,  narrow, 
tube,  often  twisted  and  even  doubled  up,  and  the  acid  has  first  to 
penetrate  into  the  very  farthest  depths  of  these  tubes,  and  has  after- 
wards to  be  soaked  out  of  them.    Hence  the  necessity  of  time. 

It  appears  that  gun-cotton,  prepared  in  this  manner,  is  a  true 
chemical  compound,  and  is  not  liable  to  the  objections  which  have 
been  urged  against  that  mixture  of  compounds  which  has  been  usually 
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employed  in  experiments.     The  advantages  which  it  possesses  may  be 
classed  as  follows : — 

1.  It  is  of  miiform  composition,  and  thus  the  force  of  the  gases 
generated  on  explosion  may  be  accurately  estimated. 

2.  It  will  not  ignite  till  raised  to  a  temperature  of  300"  F.  (as  a 
rule,  the  temperatmre  must  be  raised  much  higher).  This  is  consider- 
ably lower  than  the  igniting  point  of  gunpowder,  but,  being  much 
above  the  heat  of  boiling  water,  it  can  only  occur  when  artificially  pro- 
duced by  means  whi(£  would  render  gunpowder  itself  L'able  to 
ignition. 

3.  It  is  almost  absolutely  fi^e  from  ash  when  exploded  under 
pressure  in  a  confined  space. 

4.  It  has  a  very  marked  superiority  in  stability  over  other  forms 
of  gun-cotton,  having  been  kept  unaltered  for  fifteen  years. 

One  great  advantage  which  gun-cotton  possesses  over  gunpowder, 
and  which  ought  to  have  considerable  weight  in  any  discussion  of 
their  comparative  uses  for  national  purposes,  is,  that  gun-cotton  is  un- 
affected  by  water.  Gunpowder  in  a  damp  atmosphere  will  soon  be 
completely  spoiled,  and  it  cannot  afterwards  be  restored  to  a  service- 
able condition  without  being  again  submitted  to  the  processes  of  manu- 
facture, starting  almost  from  the  commencement.  Gun-cotton,  on  the 
contrary,  although  it  gets  damp  in  a  moist  atmosphere,  rapidly  returns 
to  its  ordinary  state  when  exposed  to  air  of  average  dryness.  Com- 
plete immersion  in  water  for  an  indefinite  period  has  no  injurious 
action  on  it,  for  when  afterwards  dried  by  exposure  to  the  air,  it  is  as 
good  as  ever.  The  absolute  safety  which  this  property  would  confer 
upon  the  magazines  of  forts  and  ships  cannot  be  too  highly  urged ; 
the  explosive  material  could  be  kept  permanently  in  tanks  full  of 
water,  in  which  case  a  lighted  candle  or  even  a  red-hot  shot  would  be 
a  harmless  visitant.  When  required  for  action,  a  centrifugal  drying 
machine  and  a  hot-water  closet  would  supply  the  combatants  with  any 
quantity  at  a  few  hours'  notice. 

When  gun-cotton  is  ignited  in  a  close  vessel,  such  as  a  shell  or 
the  chamber  of  a  gun,  it  is  at  once  converted  into  certain  gases,  the 
principal  being  carbonic  oxide,  carbonic  acid,  nitrogen,  light  carbu- 
retted  hydrogen,  hydrogen,  and  steam.  The  introduction  of  the 
hyponitric  acid,  a  compound  containing  a  large  excess  of  oxygen, 
gives  to  the  cotton  a  sufficient  amount  of  this  gas  to  reduce  it  com- 
pletely to  the  state  of  vapour ;  but  although  only  gases  are  produced, 
there  is  not  enough  oxygen  for  their  complete  combustion.  About  40 
per  cent,  are  infiiunmable,  and  produce  a  bright  flash  when  they  emerge 
into  the  air  from  the  mouth  of  the  gun. 

n. — The  Msohanios  of  Gun-ootton. 

The  mechanical  application  of  gun-cotton  may  be  considered  to  be 
due  exclusively  to  Major-Greneral  Lenk,  of  the  Austrian  service.  Pure 
gun-cotton  becomes  either  a  powerful  explosive  agent,  or  a  docile  per- 
former of  mechanical  duty,  not  according  to  any  change  in  its  compo- 
sition, or  variation  in  its  elements  or  their  proportions,  but  according 
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to  the  mechanical  stmctme  which  is  given  to  it,  or  the  mechanical 
arrangements  of  which  it  is  made  a  part.  It  was  General  Lenk  who 
discovered  that  stmctnre  was  quality,  and  mechanical  arrangement 
the  measure  of  power,  in  gnn-cotton ;  and  in  his  hands,  a  given  quan- 
tity of  the  same  cotton  becomes  a  mild,  harmless,  ineffectual  firework, 
a  terrible,  irresistible,  explosive  agent,  or  a  pliable,  powerful,  obedient 
workman. 

The  first  form  which  (xeneral  Lenk  bestowed  on  gun-cotton  was 
that  of  a  continuous  yam  or  spun  thread.  Gunpowder  is  carefully 
made  into  round  grains  of  a  specific  siza  Gun-cotton  is  simply  a 
long  thread  of  cotton  fibre,  systematically  spun  into  a  yam  of  given 
weight  per  yard,  of  given  tension,  of  given  specific  weight.  A  hank 
of  a  given  length  is  reeled,  just  like  a  hank  of  cotton  yam  to  be  made 
into  cloth,  and  in  this  state  gun-cotton  yam  is  bou^t  and  sold  like 
any  other  article  of  commerce. 

This  cotton  yam  converted  into  gun-cotton  may  be  called,  there- 
fore, the  raw  material  of  commerce.  In  this  form  it  is  not  at  all 
explosive  in  the  common  sense  of  the  word.  You  may  set  fire  to  a 
hajik  of  it,  and  it  will  bum  rapidly  with  a  large  flame ;  but  if  you 
yourself  keep  out  of  the  reach  of  the  flame,  and  keep  other  combusti- 
bles beyond  reach,  no  harm  will  happen,  and  no  explosion  or  concus- 
sion will  result.  If  you  lay  a  long  thread  of  it  round  your  garden 
walk  at  night,  disposing  it  in  a  waving  line  with  large  balls  of  gun- 
cotton  thread  at  intervals,  and  light  one  end  of  the  thread,  it  will  form 
a  beautiful  firework,  the  slow  lambent  flame  creeping  along  with  a 
will-o'-th'-wisp-lookhig  light,  only  with  a  measured  speed  of  6  inches 
per  second,  or  30  feet  a  minute ;  ihe  wind  hastening  it  or  retarding  it 
as  it  blows  with  or  against  the  line  of  the  thread.  This  is  the  best 
way  to  commence  an  acquaintance  with  this  interesting  agent 

Gare  must  be  taken  not  to  become  too  familiar  wif£  gun-cotton 
even  in  this  harmless  and  playful  guise ;  cotton  dresses  will  readily 
catch  fire  from  it,  and  it  should  not  be  treated  with  less  care  to  keep 
fire  from  it  than  gunpowder.  In  one  respect  it  is  less  liable  to  cause 
danger  than  gunpowder.  Grains  of  powder  are  easily  dropped 
through  a  crevice,  and  may  be  sprinkled  about  in  a  scarcely  noticeable 
form,  but  a  hank  of  gun-cotton  is  a  xmit,  which  hangs  together  and 
cannot  strew  itself  about  by  accident. 

The  second  form  of  gun-cotton  is  an  arrangement  compounded  out 
of  the  elementary  yam.  It  resembles  the  plaited  cover  of  a  riding- 
whip  ;  it  is  plaited  round  a  core  or  centre  which  is  hollow.  In  this 
form  it  is  match-line,  and,  although  formed  merely  of  the  yam  plaited 
into  a  round  hollow  cord,  this  mechanical  arrangement  has  at  once 
conferred  on  it  the  quality  of  speed.  Instead  of  travelling  as  before 
only  6  inches  a  second,  it  now  travels  6  feet  a  second. 

The  third  step  in  mechanical  arrangement  is  to  enclose  this  cord 
in  a  close  outer  skin  or  coating,  made  generally  of  Indiarrubber  cloth, 
and  in  this  shape  it  forms  a  kind  of  match-line,  that  will  carry  fire  at  a 
speed  of  from  20  to  80  feet  per  second. 

It  is  not  easy  to  gather  from  these  changes  what  is  the  cause  which 
so  completely  changes  the  nature  of  the  raw  cotton  by  mechanical 
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arrangement  alone.  Why  a  Btraigbt  cotton  thread  shonld  bum  with 
a  Blow  creeping  motion  when  laid  out  straight,  and  with  a  rapid  one 
when  wound  round  in  a  cord,  and  again  much  faster  when  closed  in 
from  the  air,  is  £ax  from  obvious  at  first  sight ;  but  the  facts  being  so, 
deserve  mature  consideration. 

The  cartridge  of  a  common  rifle  in  gun-cotton  is  nothing  more 
than  a  piece  of  match-line  in  the  second  form  enclosed  in  a  stout  paper- 
tube,  to  prevent  it  being  rammed  down  like  powder.  The  ramming 
down,  which  is  essential  to  the  effective  action  of  gunpowder,  is  fatal 
to  that  of  gun>cotton.  To  get  useful  work  out  of  a  gun-cotton  rifle, 
the  shot  must  on  no  account  be  rammed  down,  but  simply  transferred 
to  its  place.  Air  left  in  a  gmipowder  barrel  is  often  supposed  to 
burst  the  gun ;  in  a  gun-cotton  barrel,  it  only  mitigates  the  effect  of 
the  charge.  The  object  of  enclosing  the  gun-cotton  charge  in  a  hard 
strong  pasteboard  cartridge,  is  to  keep  the  cotton  from  compression 
and  give  it  room  to  do  its  work. 

It  is  a  fourth  discovery  of  General  Lenk,  that  to  enable  gun-cotton 
to  perform  its  work  in  artillery  practice,  the  one  thing  to  be  done  is  to 
"  give  it  room."  Don*t  press  it  together — don't  cram  it  into  small 
bulk !  give  it  at  least  as  much  room  as  gunpowder  in  the  gun,  even 
though  there  be  only  one-third  or  one-fourth  of  the  quantity  (measured 
by  weight).  1  lb.  of  gun-cotton  will  carry  a  shot  as  £Eff  as  3  or  4  lbs. 
of  gmipowder ;  but  that  pound  should  have  at  least  a  space  of  160 
cubic  inches  in  which  to  work. 

This  law  rules  the  practical  application  of  gun-cotton  to  artillery. 
A  cartridge  must  not  be  compact,  it  must  be  spread  out  or  expanded 
to  the  full  room  it  requires.  For  this  purpose,  a  hollow  space  is  pre- 
served in  the  centre  of  the  cartridge  by  some  means  or  other.  The 
best  means  is  to  use  a  hollow  thin  wooden  tube  to  form  a  core ;  this 
tube  should  be.  as  long  as  to  leave  a  sufficient  space  behind  the  shot 
for  the  gun-cotton.  On  this  long  core  the  simple  cotton  yam  is  wound 
round  like  thread  on  a  bobbin,  and  sufficiently  thick  to  £11  the  cham- 
ber of  the  gun ;.  indeed,  a  lady's  bobbin  of  cotton  thread  is  the  innocent 
type  of  the  most  destructive  power  of  modem  times — only  the  wood 
in  the  bobbin  must  be  small  in  quantity  in  proportion  to  the  gun- 
cotton  in  the  charge.  There  is  no  other  precaution  requisite  except 
to  enclose  the  whole  in  the  usual  flannel  bag. 

The  artillerist  who  uses  gun-cotton  has  therefore  a  tolerably 
simple  task  to  perform  if  he  merely  wants  gun-cotton  to  do  the  duty 
of  gunpowder.  He  has  only  to  occupy  the  same  space  as  the  gun- 
powder with  one-fourth  of  the  weight  of  gun-cotton  made  up  in  the 
bobbin  as  described,  and  he  wiU  fire  the  same  shot  at  the  same  speed. 
This  is  speaking  in  a  general  way,  for  it  may  require  in  some  guns  as 
much  as  7  of  the  weight  of  gunpowder  and  |^  the  bulk  of  charge  to 
do  the  same  work ;  a  little  experience  will  settle  the  exact  point,  and 
greater  experience  may  enable  the  gun-cotton  to  exceed  the  per- 
formance of  the  gunpowder  in  every  way. 

The  fifth  principle  in  the  use  of  gun-cotton  is  that  involved  in  its 
application  to  bursting  uses.  The  miner  wants  the  sti'atum  of  coal 
torn  from  its  bed,  or  the  fragment  of  ore  riven  from  its  lair  ;  the  civil 
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engineer  wiahefi  to  remove  a  mountain  of  stone  out  of  the  way  of  a 
locomotive  engine  ;  and  the  military  engineer  to  drive  his  way  into 
the  fortress  of  an  enemy,  or  to  destroy  the  obstacles  purposely  laid  in 
his  way.  This  is  a  new  phase  of  duty  for  gun-cotton — it  is  the  work 
of  direct  destruction.  In  artillery  you  do  not  want  to  destroy  directly, 
but  indirectly.  You  don't  want  to  burst  your  gun,  nor  even  to  injure 
it ;  and,  we  have  seen,  in  order  to  secure  this,  you  have  oidy  to  give 
it  room. 

The  fifkh  principle,  therefore,  is,  to  make  it  destructive — to  cause 
it  to  shatter  everything  to  pieces  which  it  touches,  and  for  this 
purpose  you  have  only  to  deprive  it  of  room.  Give  it  room,  and  it 
is  obedient ;  imprison  it,  and  it  rebels.  Shut  up  without  room,  there 
is  nothing  tough  enough  or  strong  enough  to  stand  against  it. 

To  carry  this  into  effect,  the  densest  kind  of  gun-cotton  must  be 
used.  It  must  no  longer  consist  of  fine  threads  or  hollow  textures 
wound  on  roomy  cores.  All  you  have  to  do  is  to  moke  it  dense, 
solid,  hard.  Twist  it,  squeeze  it,  ram  it,  compress  it;  and  insert 
this  hard,  dense  cotton  rope  or  cylinder  or  cake  in  a  hole  in  a  rock, 
or  the  drift  of  a  tunnel,  or  the  bore  of  a  mine ;  close  it  up,  and  it  will 
shatter  it  to  pieces.  In  a  recent  experiment,  6  ounces  of  this 
material  set  to  work  in  a  tunnel  not  only  brought  down  masses  which 
powder  had  failed  to  work,  but  shook  the  ground  under  the  feet  of 
the  engineers  in  a  way  never  done  by  the  heaviest  charges  of  powder. 

To  make  gun-cotton  formidable  and  destructive,  squeeze  it  and 
close  it  up ;  to  make  it  gentle,  slow,  and  manageable,  ease  it  and  give 
it  room.  To  make  gunpowder  slow  and  gentle,  you  do  just  the  con- 
trary :  you  cake,  condense,  and  harden  it  to  make  it  slow,  safe  for 
guns,  and  effective. 

To  carry  out  this  principle  successfully,  you  have  to  carry  it  even 
to  the  exti'eme.  Ask  gun-cotton  to  separate  a  rock  already  half- 
separated,  it  will  refuse  to  comply  with  your  request.  Give  it  a 
light  burden  of  earth  and  open  rock  to  lift,  it  will  fail.  If  you  want 
it  to  do  the  work,  you  must  invent  a  ruse, — ^you  must  make  believe 
that  the  work  is  hard,  and  it  will  be  done.  Invent  a  difficulty  and 
put  it  between  the  cotton  and  its  too  easy  work,  and  it  will  do  it.  The 
device  is  amazingly  successfol.  If  the  cotton  have  work  to  do  that 
is  light  and  easy,  you  provide  it  with  a  strong  box,  which  is  hard  to 
burst,  a  box  of  iron  for  example ;  close  a  small  charge,  that  would  be 
harmless,  in  a  little  iron  box,  and  then  place  that  box  in  the  hole 
where  formerly  the  charge  exploded  harmless,  and  in  the  effort  it 
makes  to  burst  that  box,  the  whole  of  the  light  work  will  disappear 
before  it. 

Of  the  effect  of  such  an  explosion,  an  illustration  accompanies  this 
paper.  The  two  drawings  represent  two  views  of  a  stockade,  in  close 
contiguity  to  which  a  charge  of  25  lbs.  of  gun-cotton,  placed  in  an 
iron  box,  was  employed,  and  the  consequences  will  be  seen  in  the  two 
rent  and  shattered  trees,  the  largest  20  inches  in  diameter,  which 
were  not  only  removed  from  their  places,  but  by  some  imexplained 
action  shattered  throughout  into  matchwood.     This  explosion  was  the 
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first  trial  of  English-made  gun-cotton,  and  was  made  at  Stowmarket, 
in  spring. 

It  is,  therefore,  the  nature  of  gmi-cotton  to  rise  to  the  occasion  and 
to  exert  force  exactly  in  proportion  to  the  obstacle  it  encoimters. 
For  destructive  shells  this  quality  is  of  the  highest  value.  Tou  can 
make  your  shell  so  strong  that  nothing  can  resist  its  entrance,  and 
when  arrived  at  its  destination  no  shell  can  prevent  its  gun-cotton 
charge  from  shivering  it  to  fragments. 

These  are  the  main  principles  in  the  mechanical  manipulation  of 
gun-cotton  which  will  probably  render  it  for  the  future  so  formidable 
an  instrument  of  war.  Eesistances  too  great  for  gunpowder  only 
suffice  to  elicit  the  powers  of  gun-cotton.  On  the  oQieT  hand,  in  its 
elementary  state  as  the  open  cotton  yam,  it  is  playful,  slow,  gentle, 
and  obedient;  there  is  scarcely  any  mechanicfd  drudgery  you  can 
require  of  it  that  it  is  not  as  ready  and  fit  to  do  as  steam,  or  gas,  or 
water,  or  other  elementary  power. 

In  conclusion,  I  may  be  asked  to  say  as  a  mechanic  what  I  think 
can  be  the  nature  and  soturoe  of  this  amazing  power  of  gun-cotton.  In 
reply  let  me  ask,  Who  shall  say  what  takes  place  in  that  pregnant  in- 
stant of  time  when  a  spark  of  fire  enters  the  charge,  and  one-hundredth 
part  of  a  second  of  time  suffices  to  set  millions  of  material  atoms  loose 
from  fast  ties  of  former  affinity,  and  leaves  them  tree  eveiy  one  to 
elect  his  mate,  and  uniting  in  a  new  bond  of  affinity,  to  come  out  of 
that  chamber  a  series  of  new-bom  substances  ?  Who  shall  teU  me  all 
that  happens  then  ?  I  will  not  dare  to  describe  the  phenomena  of 
that  pregnant  instant.  But  I  will  say  this,  that  it  is  an  instant  of  in- 
tense heat — one  of  its  new-bom  children  is  a  large  volume  of  steam 
and  water.  When  that  intense  heat  and  that  red-hot  steam  were 
united  in  the  chamber  of  that  gun  and  that  mine,  two  powers  were  met 
whose  union  no  matter  yet  contrived  has  been  strong  enough  to 
compress  and  confine.  Wlien  I  say  that  a  gun-cotton  gun  is  a  steam- 
gun,  and  when  I  say  that  at  that  instant  of  intense  heat,  the  atoms  of 
water  and  the  atoms  of  fire  are  in  contact  atom  to  atom,  it  is  hard 
to  believe  that  it  should  not  give  rise  to  an  explosion  infinitely 
stronger  than  any  case  of  the  generation  of  steam  by  filtering  the 
heat  leisurely  through  the  metal  skins  of  any  high-pressure  boiler. 
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BRACKISH-WATER  FOSSILS  OF  CRETE. 

Being  Ulusiraiions  of  the  Characters  of  FluviaiUe^  Lacustrine,  and 

Estuarine  Formations. 

By  H.  M.  Jenkins,  F.G.S.,  Assistant-Secretary  of  the  Geological 

Society. 

The  Grecian  Archipelago  and  the  surrounding  mainland  have  a  truly 
classic  interest  for  the  Greologist,  not  so  much  on  account  of  their 
geographical  position  and  ancient  fame,  as  because  they  were  the 
scenes  of  some  of  the  most  famous  labours  of  the  late  Professor 
Edward  Forbes,  a  naturalist  who,  in  his  brief  but  brilliant  career, 
was  enabled,  chiefly  through  his  investigations  in  these  regions,  to 
throw  the  bright  light  of  genius  over  some  of  the  most  intricate  paths 
of  palsBontological  research,  and  who  thus  invested  the  eastern  portion 
of  the  Mediterranean  with  a  far  greater  interest  to  the  geologist  than  it 
otherwise  ever  would  have  possessed.  Still  it  must  not  be  supposed  that 
the  region  is  barren  of  facts  outside  the  common  course  of  geological 
phenomena,  for,  as  was  shown  by  Professor  Forbes,  the  fresh-water  and 
estuarine  strata  which  occur  there  contain  fossils  exhibiting  remark- 
able modifications  of  form  caused  by  the  more  or  less  adverse  influences 
of  the  conditions  under  which  they  lived. 

The  fossil  shells  which  have  given  rise  to  this  paper,  and  which 
are  figured  in  the  Plate,  and  described  in  the  Appendix,  were  submitted 
to  my  examination  by  Capt.  T.  Spratt,  R.N.,  C.B.,  F.G.S.,  who  was 
the  companion  of  Professor  Edward  Forbes  in  a  great  portion  of  his 
travels  in  Asia  Minor  and  the  regions  round  about,  and  conjoint-author 
with  him  of  the  *  Travels  in  Lycia  ;*  and  he  is  now  busily  engaged  in 
bringing  out  a  work  on  the  Island  of  Crete,  which  will  doubtless  add 
to  his  already  high  reputation  as  a  geologists 

Of  the  other  observers  who  have  travelled  in  these  regions,  and 
have  contributed  to  our  knowledge  of  their  geology,  I  may  mention  Mr. 
Hamilton,  F.R.S.,  now  President  of  the  Geological  Sociefy,  and  his 
fellow-traveller,  the  late  Hugh  Strickland,  who  were  the  first  to 
explore  geologically  these  classic  countries.  We  are  also  much 
indebted  to  M.  Tchihatcheff  and  M.  Raulin,  whose  papers  have  been 
published  in  the  *  Bulletin  de  la  Soci^t^  G^ologique  de  France.' 

The  ancient  Lake  of  the  Eastern  Mediterranean. — One  of  the  prin- 
cipal points  brought  forward  by  Captain  Spratt,  in  his  several  papers, 
is  that  the  Eastern  portion  of  the  Mediterranean,  including  Greece^ 
parts  of  Asia  Minor,  and  probably  the  north-eastern  extremity  of 
Africa,  was  at  some  distant  epoch  in  the  Tertiary  period,  the  site  of 
a  huge  fresh-water  lake ;  but  the  precise  geological  date  at  which  it 
existed  has  not  yet  been  satisfactorily  made  out,  though  it  probably 
coincided  with  that  of  the  deposition  of  the  estuarine  strata  about  to 
be  noticed. 

Many  years  ago,*  Messrs.  Hamilton  and  Strickland  described  a 
series  of  lacustrine  beds  in  various  parts  of  Asia  Minor,  where  it  appears 
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to  be  the  formation  moBt  commonly  met  with  in  the  low  grounds ; 
while  Captain  Spratt  has  given  descriptions  of  similar  strata  occurring 
near  Smyrna,  and  in  Lycia,  as  well  as  in  the  Islands  of  Samos,  Ehodes, 
Cos,  Cerigo,  &c. ;  but  there  is  some  confusion  as  to  their  probable 
age.  Captain  Spratt  originally  considered  all  of  them  to  be  of 
Eocene  date,  it  being  borne  in  mind,  however,  that  when  that  opinion 
was  published,  the  term  '  Eocene '  included  what  is  now  known  as 
Lower  Miocene,  and  referred  to  under  that  name  in  these  pages. 
With  the  assistance  of  Professor  Forbes,  this  opinion  was  after- 
wards somewhat  modified,  the  Smyrna  beds  being  still  retained  as 
Eocene  (=Lower  Miocene),  but  the  Lycian  strata,  as  well  as  those  of 
Cos  and  Bhodes,  being  considered  newer.  To  the  supposed  age  of 
these  newer  fresh-water  beds  I  shall  have  occasion  to  refer  presently 
at  some  length,  as  it  bears  very  importantly  upon  the  age  of  some  of 
the  fossils  under  consideration. 

Geology  of  the  Eastern  Mediterranean  JBegton.— The  Tertiary  beds 
of  Greece,  of  the  Islands  of  the  Archipelago,  and  of  Asia  Minor,  are 
generally  found  reposing  on  the  Apennine  Limestone,  or  Scaglia, 
which  is  of  Cretaceous  age,  or  else  abutting  against  it,  the  Scaglia 
in  such  cases  forming  the  high  land  of  the  interior,  and  the  Tertiary 
beds  skirting  it  and  f&cing  the  sea,  and  often  extending  to  the  coast. 
Some  of  these  Tertiary  strata  contain  marine  remains,  others  include 
fresh-water  (probably  lacustrine)  organisms,  and  the  fossils  figured  in 
the  Plate  were  probably  from  a  bracMsh-water  lake  or  estuary. 

For  the  better  understanding  of  the  subject  it  will,  first  of  all,  be 
necessary  to  give  a  synopsis  of  the  argument  which  has  been  supposed 
to  prove  that  the  fresh-water  beds  of  the  Valley  of  the  Xanthus,  of 
Cos,  and  of  Bhodes,  are  of  Pliocene  age,  and  for  this  purpose  I  must 
call  in  the  aid  of  Professor  Forbes  and  Captain  Spratt.* 

Relative  Age  of  the  Marine  and  Fresh-water  Strata  of  Lyda. — In 
the  Valleys  of  Xanthus  and  Eassabar  there  is  a  fresh- water  formation 
supposed  to  be  more  recent  than  certain  marine  sandy  strata,  con- 
taining shells  which  also  occur  in  the  Upper  Miocene  beds  of 
Bordeaux,  Touraine,  &c. ;  and  the  manner  in  which  this  is  apparently 
proved  may  be  thus  stated.  The  vaUey  of  Xanthus  is  bounded  on 
each  side  by  hills  of  highly-inclined  Scaglia,  upon  which  rests  con- 
formably a  slightly  newer  deposit  termed  *  Macigno.'  The  floor  of 
the  valley  consists  of  horizontal  beds  of  marl,  capped  by  conglomerate, 
and  containing  fresh-water  fossils.  High  up  on  the  hill-sides  are 
patches  of  the  marine  formation  in  question,  dipping  west  at  a  high 
angle,  and  it  has  been  assumed  to  be  the  older,  entirely  on  account  of 
its  being  inclined,  while  the  fresh-water  beds  are  horizontal ;  the  order 
of  events  being— (1)  its  deposition  horizontally  over  whore  the  valley 
now  is,  (2)  its  tilting-up  and  entire  denudation,  and  (3)  the  deposition 
of  fresh-water  beds  in  its  place.  Granting  iko  assumed  basis  of  the 
argument,  the  reasoning  is  perfectly  correct. 

Furthermore,  the  Xanthus  fossHs  are  some  of  them  identical  with 
.those  occurring  in  the  island  of  Cos,  in  a  fresh-water  formation  forming 
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the  wall  of  a  series  of  marine  bods  containing  newer  Pliocene  fossils ; 
so  that  the  fresh- water  beds  must  be  the  older,  and  as,  granting  the  cor- 
rectness of  the  former  argmnent,  they  have  been  proved  to  be  newer  than 
the  *Cpper  Miocene,  they  must,  in  that  case,  hold  an  intermediate 
position,  and  on  these  grounds  they  have  been  termed  Older  Pliocene. 

Thus  far,  excluding  the  scepticism,  I  have  followed  Professor 
Forbes  and  Captain  Spratt,  who  enunciated  the  above  (apparently^  con- 
vincing proof  of  the  age  of  the  Cos  and  Xanthus  fresh- water  beds  m  the 
*  Travels  in  Lycia '  already  referred  to.  From  a  very  brief  considera- 
tion of  the  argument,  the  principle  on  which  it  is  based  wiU  make 
itself  apparent  to  everyone.  The  object  is  to  fix  a  limit  in  both 
directions  to  the  age  of  the  strata,  or,  to  use  the  original  terms,  to  find 
an  *  ante-date-'  and  an  *  after-date,' — a  process  often  resorted  to  by  the 
inquisitive  in  their  efforts  to  discover  the  ages  of  their  friends  I 

If  we  inquire  a  little  more  closely  into  the  basis  of  the  argument, 
namely,  that  the  inclined  position  of  the  marine  strata  is  suggestive  of 
their  greater  ago  ^which  is  altogether  assumed),  we  shall  find,  on 
reference  to  the  section  given  below,  that  they  dip  the  wrong  way  I — and 
thus  a  doubt  is  cast  upon  the  whole  of  the  reasoning.  The  following 
explanation  will  make  my  meaning  clear:  suppose  the  Scaglia  and 
Macigno  to  be  more  or  less  horizontal,  and  the  marine  formation  to 
be  deposited  conformably  on  it,  then  suppose  the  valley  to  be  formed 
by  the  elevation  of  the  Scaglia  on  each  side,  and  to  be  rendered  deeper 
by  the  erosion  of  the  marine  strata,  it  is  evident  that  the  remaining 
patches  of  the  marine  formation  would  dip  conformably  with  the 
Scaglia,  not  at  nearly  right  angles  to  it,  as  in  the  following  section : — 

Section  across  the  Valley  of  Xanthus, — (After  Forbes  and  Spratt.) 
E,  W. 


a  Marine  sandy  strata  (Miocene),  dipping /rom  the  centre  of  the  valley. 
h.  Conglomerate.  c  Marl  (freshwater).  d.  Macigno. 

e.  Scaglia  (Cretaceons)  dipping  towoardg  the  centre  of  the  valley. 

On  the  other  hand,  if  the  Scaglia  were  upheaved,  as  it  evidently  was, 
before  the  deposition  of  the  marine  beds,  it  is  quite  impossible  that  the 
latter  could  have  been  deposited  horizontally  and  afterwards  tilted  up, 
because  the  Scaglia  must  have  been  affected  at  the  same  time ;  and  if 
wo  assume  that  its  dip  was  lower  when  the  marine  beds  were  formed, 
the  latter  must  have  been  deposited  almost  vertical,  which  cannot  be 
credited  for  a  moment ;  and  if  the  marine  Tertianes  were  deposited 
in  a  horizontal  position,  the  Scaglia  must  formerly  have  been  nearly 
vertical.     Indeed,  it  is  evident  that  the  apparent  dip  of  the  marine 
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beds  is  due  to  false-bedding,  and  not  to  elevation  at  all ;  consequentlj 
it  is  no  indication  of  their  being  older  than  the  horizontal  fresh-water 
strata. 

Again,  supposing  that  the  marine  beds  were  the  older,  they  fnust 
once  have  filled  np  the  valley.  By  what  manner  of  water-action  oould 
they  have  been. so  completely  washed  away  that  no  trace  of  them 
exists  anywhere  beneath  the  fresh-water  formation,  and  only  small 
patches  are  left  high  up  on  the  hill-sides,  where  they  could  least  of 
all  be  expected? 

Considering  all  the  dif&culties  in  the  way  of  the  marine  beds  being 
the  older,  and  that  there  is  no  physical  reason  why  they  should  not  be 
the  newer  (granting  the  apparent  dip  to  be  due  to  the  false-bedding), 
we  may  legitimately  compare  the  fossils  of  the  Cos  and  I^anthus  fresh* 
water  beds,  with  the  shells  figured  in  the  Plate,  without  taking  into 
account  their  supposed  Pliocene  age,  to  which  view,  it  will  be  found, 
their  evidence  is  entirely  antagonistic.  It  may  be  remarked,  however, 
that  if  the  fresh-water  strata  are  the  older,  the  lowest  bed,  in  which 
occur  the  same  genera  as  Captain  Spratt  has  obtained  from  Crete, 
must,  according  to  its  fossils,  either  be  very  low  down  in  the  Upper 
Miocene,  or  must  belong  to  the  Lower  Miocene  :  perhaps  it  does  not 
matter  which  we  consider  it ;  but  the  point  I  shall  now  attempt  to 
establish  is  that  our  Cretan  fossils  are  of  the  same  age. 

OeologiccU  Age  of  the  Fossils  under  consideration. — A  glance  at  the 
following  lists  will  show  that  of  those  from  Cerigo,  all,  with  the 
exception  of  Cerithium  Cytherorum  (a  new  species),  occur  in  the 
Upper  Miocene  of  Europe,  while  two  began  life  earlier.  The  balance 
of  evidence  is  therefore  strongly  in  favour  of  the  Cerigo  fossils  being 
Upper  Miocene ;  that  is  to  say,  of  the  age  of  the  Vienna  and  Bordeaux 
Basins.  The  marine  formation  in  Crete,  described  by  M.  Baulin,  and 
said  to  be  of  Miocene  age,  may  possibly  belong  to  the  same  set  of 
strata,  though  his  list  does  not  include  any  of  our  species,  which  are 
less  decidedly  marine  than  those  enumerated  by  him. 

The  Cretan  specimens  being,  however,  all  different  from  those  of 
Cerigo,  with  one  exception,  require  farther  discussion.  Melanopsis 
huccinoideaj  the  only  species  common  to  both  sets  of  fossils,  is  also 
one  of  those  which  appeared  first  in  strata  older  than  the  Upper 
Miocene,  and  with  it  is  associated  in  Crete  Cerithium  Lamarckii, 
which  began  life  in  Eocene  times  and  extended  up  into  the  Lower 
Miocene,  but  which  has  not  been  found  in  newer  strata.  On  the 
other  hand,  we  have  Melanopsis  Bou>ei,  representing  the  Upper 
Miocene  period,  and  a  species  of  Unioy  allied  to  Unio  litoralis,  which 
tells  us  very  little  concerning  its  age.  The  remaining  species,  three 
in  number,  are  new,  and  one  of  them  presents  some  remarkable 
modifications  of  form,  so  that  it  is  rather  dif&cult  to  form  a  correct 
idea  of  their  geological  date. 

The  genus  Unio  contains  very  many  species,  resembling  one 
another  so  closely  as  to  render  it  very  difficult  to  distinguish  them, 
especially  in  the  fossil  state,  so  that  very  little  reliance  can  be  placed 
on  them  as  indicative  of  the  age  of  Tertiary  strata.  Melanopsis 
Jmcdnoidea,  as  we  have  seen,  furnishes  no  clue  to  the  age  of  beds 
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in  whicli  it  occurs,  its  range  being  so  extended.  Cerithium  Lamarckiiy 
on  the  contrary,  is  a  well-known  shell,  which  occurs  abundantly  in 
Lower  Miocene  strata,  and  is  found  also  in  the  Eocene  '*  Sables  de 
Beauchamp,"  so  that  its  occurrence  would  appear  to  stamp  the  age  of 
the  deposit  as  Lower  Miocene  or  older,  and  to  the  period  named  I 
am  inclined  to  refer  it,  though  it  is  not  impossible  that  a  larger  col- 
lection of  shells  may  prove  it  to  be  somewhat  newer.  But  the  great 
difference  between  these  shells  and  recent  species  renders  it  impos- 
sible that  the  deposit  should  be  Pliocene,  as  has  been  supposed. 

It  by  no  means  follows,  howeyer,  tiiat  there  is  no  more  recent 
formation  in  Crete  ;  on  the  contrary,  M.  Baulin,  in  a  paper  on  the 
geology  of  Crete.*  speaks  of  a  lacustrine  limestone  above  a  marine 
formation ;  and  a  late  lacustrine  deposit  occurring  in  the  plains  in 
the  interior  of  the  island  furnished  him  with  the  lower  jaw  of  a 
Hippopotamus. 

The  so-called  lacustrine  formation  of  Bhodes  contains  species  of 
Neritina  and  Melanopsis,  the  latter  being  M.  Bouei ;  with  it  occurs 
Cerithium  pliccUum,  an  associate  of  (7.  Lamarckii  in  the  Paris  and 
Mayence  basins.  Although  the  occurrence  of  Cerithium  pUcatum  is, 
of  itself,  not  antagonistic  to  the  Upper  Miocene  age  of  the  strata,  yet, 
when  associated  with  C.  Lamarckii,  it  seems  reasonable  to  consider 
them,  for  the  present  at  least,  as  Lower  Miocene,  especially  as  the 
only  true  Upper  Miocene  species  occurring  with  them  is  Metanopns 
Bouei,  and  the  only  recent  species  is  M.  buccinoidea,  which  occurs  in 
great  numbers  in  Lower  Miocene  strata  also.  The  only  obstacle  to 
the  Upper  Miocene  age  of  the  beds  is,  in  fact,  the  ocpurrence  of 
Cerithium  Lamarckii;  and,  although  there  is  no  reason  why  that 
species  may  not  occur  higher  in  the  series,  yet  as  it  has  not  been 
found  in  l^t  position  hitherto,  and  as  the  evidence  is  at  present 
strongly  in  favour  of  its  Lower  Miocene  age  in  Crete,  we  must  consider 
it  for  the  present  limited  to  Eocene  and  Lower  Miocene  strata. 

Malformed  Shells, — The  fresh-water  beds  of  Rhodes  are  admitted 
to  be  of  the  same  age  as  those  of  Cos  and  Xanthus,  some  species  of 
shells  being  common  to  the  three  localities,  and  the  remarkable 
Neritina  ahnormis  (Figs.  7a  to  7e  of  the  Plate)  from  Crete  being  very 
near  the  Neritina  from  Cos  figured  by  Professor  Forbes,t  if  not 
identical  with  it.  The  specimens  from  both  islands  exhibit  the  same 
kind  of  malformation,  showing  that  the  faunaa  of  both  series  of  strata 
lived  under  similar  conditions,  which  appear  to  have  been  unfavour- 
able to  some  of  the  species 

On  examination,  it  will  be  seen  that  the  older  the  specimen,  the 
more  distorted  does  it  appear,  and  the  larger  are  the  keels  on  the 
whorls,  and  that,  at  last,  tubercles  and  even  spines  spring  from  them. 
So  in  Figs.  8a  to  8c,  representing  a  Unio,  the  same  kind  of  resxdt  is 
seen  in  the  great  thickness  of  the  shell,  and  the  small  size  of  one  of 
the  specimens,  and  in  Figs.  4a  to  4c  in  ihe  comparative  coarseness  of 
the  ribs  of  Melanopsis  Bouei.     The  Neritina  represented  in  Figs.  6a 

*  Bull.  Soc.  G^ol.  de  France.    Deuxi^me  S^e,  vol.  xiii. 
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to  6d  has  escaped  this  malformation,  to  a  great  extent,  bat  still  it  is 
not  always  quite  free  from  distortion. 

But  the  most  remarkable  shell  "  cheated  of  feature  by  dissembling 
nature  "  is  shown  in  Figs.  3a  and  36 ;  it  is  turned  the  wrong  way, 
and  this  circumstance,  with  its  peculiar  ornament,  gives  it  such  a 
singular  appearance,  that  out  of  twenty  shells  spread  out  on  a  table, 
a  conchologist  would  certainly  take  up  this  one  first,  as  I  have  verified 
by  experiment.  It  seems  to  defy  determination.  There  are  two 
specimens  in  Captain  Spratt's  collection,  so  that  its  reversal  is  not 
accidental,  but,  with  its  thickness  and  coarse  ornament,  is  apparently 
due  to  its  having  lived  under  unfavourable  circumstances.  The 
species  is  certainly  new,  and  I  have  called  it  Melania{f)  anomaUiy 
though  I  am  by  no  means  sure  of  its  genus. 

These  monstrous  kinds  of  growth  are  interesting  on  many  grounds, 
and  especially  so  in  relation  to  the  mode  of  formation  of  the  deposit 
in  which  they  occur.  Professor  Forbes  and  Captain  Spratt  described 
such  malformed  shells  from  Cos  several  years  ago  in  the  '  Travels  in 
Lycia ;  *  but  some  of  them  belonged  to  the  genus  Paludina,  and  others, 
as  in  this  case,  to  the  genera  Neritina  and  Melanopaia.  The  Cretan 
specimens  that  exhibit  abnormal  characters  belong  to  the  two  last- 
named  genera,  and  to  the  bivalve  genus  Unio ;  but  tiie  Cerithia,  which 
cannot  live  in  fresh  water,  are  quite  normal  in  appearance. 

Malformation  as  a  Test  of  Habitat. — It  is  easy  to  see  that  mal- 
formations of  this  kind  may  furnish  an  important  clue  to  the  origin  of 
a  formation  ;  for  instance,  in  this  case,  the  most  truly  marine  genus 
is  represented  by  species  exhibiting  normal  characters,  while  the  more 
fresh- water  genera  are  distorted ;  thus  it  appears  impossible  to  assign 
a  purely  fresh-water  origin  to  the  deposit,  and  we  shall  presently  see 
that  this  conclusion  is  borne  out  by  independent  arguments. 

Nearly  fifty  years  ago,  M.  Beudant  proved  by  experiment,  that  of 
the  mollusks  which  inhabit  fresh  water,  those  only  which  had  the  power 
of  shutting  off  all  communication  between  themselves  and  the  water 
they  lived  in  could  resist  the  action  of  brackish  or  salt  water ;  that  is 
to  say,  only  bivalves  and  operculated  univalves  could  exist  at  all  under 
such  circumstances.  Upon  a  priori  grounds  it  is  allowable  to  extend 
this  law,  for  certain  puhnoniferous  gasteropods  are  operculated ;  but, 
as  they  cannot  breathe  without  rising  to  the  surface,  and  as  that  pro- 
cess entails  repeated  contact  with  the  noxiously  salt  water,  it  is  but 
reasonable  to  conclude  that  they  could  not  long  survive  such  a 
disagreeable  necessity.  We  may  therefore  say  that  all  pulmoniferous 
gasteropods  and  all  non-operculated  fresh- water  gasteropods  are  unable 
to  live  in  salt  or  brackish  water. 

But  although  these  bivalve  and  operculated  univalve  mollusks 
could  resist  the  action  of  salt  water  for  a  time,  M.  Beudant  found  that 
even  the  latter  could  only  live  permanently  if  the  water  contained 
not  more  than  4  per  cent,  of  saline  matter,  and  that  even  this  small 
quantity  was  sufficient  to  kill  the  bivalves  after  a  short  time  ;  hence 
arises  the  paucity  of  shells  of  the  genera  Unio,  CyclaSy  &c.,  in  brackish 
water  deposits. 

It  will  now  be  possible  to  discuss  fairly  the  probability  of  the 
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fossils  in  qnestion  having  been  deposited  in  a  lake  or  an  estuary,  and 
this  discussion  is  the  more  desirable,  because  the  more  or  less  fresh- 
water formations  of  Asia  Minor,  &c.,  have  often  been  treated  of  as 
necessarily  lacustrine.  The  only  circumstances  necessary  to  remember 
are :  (1)  that  the  following  remarks  do  not  refer  to  Cerigo,  the  fossils 
from  thence  being  normally  estuarine ;  and  (2)  that  in  Crete  the  most 
essentially  salt-water  genera  are  represented  by  species  normal  in 
character,  while  the  fiiuviatile  genera  are  represented  by  distorted 
species. 

But  to  enable  us  to  decide  whether  we  have  been  dealing  with  a 
marine,  an  estuarine,  a  fluviatile,  or  a  lacustrine  formation,  it  is  now 
necessary  to  discuss  the  distinctive  characters  of  these  classes  of 
deposits,  chiefly  from  a  palaQontological  point  of  view. 

Distinctive  Charactera  of  Lacystrinef  Fluviatile  and  Estuarine 
Deposits, — Purely  fresh-water  strata  are  nearly  always  lake-deposits, 
because  a  river  seldom  deposits  in  its  own  bed,  and  when  it  does,  the 
deposit  is  so  insignificant,  that  it  is  rarely  preserved ;  while,  on  the 
other  hand,  the  deposit  of  a  river  at  its  mouth,  that  is,  a  delta,  contains 
brackish-water  shells,  generally  mixed  with  those  of  fluviatile  and 
terrestrial  origin.  Again,  a  lake  may  be  more  or  less  brackish,  or 
even  absolutely  salt ;  and  a  lagoon,  which  is  but  another  name  for  a 
lake  connected  with  a  larger  body  of  water,  may  be  subject  to  periodical 
irruptions  of  salt  water.  Thus  there  are  many  contingencies  to  be 
guarded  against  in  deciding  as  to  the  lacustrine  or  estuarine  origin  of 
a  series  of  beds,  supposing  the  fossils  contained  in  them  to  exhibit 
characters  not  antagonistic  to  the  presence  of  a  certain  quantity  of 
salt  water,  especially  in  the  region  under  consideration,  where  lagoons 
are  so  abundant ;  but  very  littie  difi&culty  exists  if  the  shells  happen 
to  be  purely  freshwater  and  normal  in  character.  Of  course,  there  is 
this  difference  between  a  lake  and  a  river,  that  whereas  the  water  in 
the  former  is  more  or  less  stagnant,  that  in  the  latter  is  in  motion ; 
but  a  deposit  from  a  river  into  a  lake  would  yield  evidence  of  both 
running  and  stagnant  water,  and,  unfortunately,  shells  afford  but  . 
little  evidence  as  to  their  fluviatile  or  lacustrine  origin.  It  would, 
however,  be  strange  indeed  if  the  fossils  of  a  true  lacustrine  deposit 
did  not  consist,  to  a  certain  extent,  of  the  shells  of  pulmoniferous 
mollusks ;  and  inasmuch  as  there  is  not  a  single  shell  belonging  to 
that  group  amongst  the  fossils  under  consideration,  the  theory  of  a 
fresh-water  lake  cannot  well  be  accepted. 

Nature  of  the  Crete  Deposit, — All  the  fossil  genera  under  notice 
from  Crete,  excepting  the  genus  Unio,  have  existing  species  which 
live  in  brackish  water,  or  even  in  the  sea,  so  that  they  are  not  antago- 
nistic to  the  estuarine  nature  of  the  deposit,  though  they  are  equally 
favourable  to  its  being  a  salt-lake  formation ;  but  as  some  of  the 
genera  cannot  exist  in  fresh  water,  the  beds  cannot  have  been 
deposited  in  a  fresh-water  lake.  Again,  Neritina  and  Melanopsis  are 
essentially  the  inhabitants  of  running  water,  and  the  genus  Unio  is 
just  as  essentially  fresh  water,  therefore  if  the  fossils  presented  no 
abnormal  characters,  the  only  rational  conclusion  would  be  that  the 
Crete  formation  is  a  deposit  from  a  river  in  an  estuary. 
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But  we  have  seen  that  one  species  of  NeriHna  is  keeled  and  tnber- 
cnlated,  while  another  presents  ordinary  characters,  that  the  Unio  is 
mmaturally  thick,  and,  except  one  specimen,  yery  much  stunted, 
while  the  most  abmidant  species  of  Mdanopsis  is  represented  both  by 
email  specimens  normal  in  character,  and  by  large  examples  unna- 
turally coarse  and  ribbed,  to  say  nothing  of  the  wonderful  Melania, 
How,  therefore,  can  we  account  for  the  entombment  of  species  which 
lived  under  normal  conditions  in  association  with  specimens  of  the 
same  and  other  species  that  evidently  lived  under  circumstances  not 
quite  suited  to  them  ?  Bearing  in  mind  that  the  normal  specimens 
belong  both  to  fresh- water  and  estnarine  genera,  and  that  the  abnormal 
ones  are  wholly  fresh-water,  as  well  as  the  fact  that  all  of  them  could 
exist  in  brackish  water,  being  either  operculated  gasteropods  or 
bivalves,  and  not  belonging  to  purely  firesh-water  genera,  it  appears 
to  me  that  the  only  way  of  accounting  for  the  association  is  by 
supposing  that  the  deposit  was  formed  in  a  lagoon,  which  was 
subject  to  occasional  irruptions  of  salt  water,  and  into  which  a  river 
flowed. 

This  conclusion  is  very  similar  to  that  arrived  at  by  Professor 
Forbes  and  Captain  Spratt  respecting  the  Cos  fossils,  only  that  they 
assumed  the  lagoon  to  be  at  first  quite  fresh,  and  to  have  become 
gradually  saline,  and  they  did  not  call  in  the  aid  of  a  river ;  but 
the  occurrence  of  the  Unio  and  of  normal  and  abnormal  specimens*  of 
Neritina,  &c.,  appears  to  render  the  latter  device  necessary  in  this 
case.  In  the  lagoon,  all  the  species  could  exist  for  a  time,  after 
having  been  carried  down  by  the  river,  and  thus  the  abnormalities 
described  may  have  been  produced. 


APPENDIX. 
I. — Desoriptionb  of  New  Spegieb  fuox  Gbete. 

1.  Neritina  abnormu,  mihi.    Figs.  7a  to  7e. 

Bhell  broadly  ovate,  trochiform,  ornamented  with  brownish  zig-zag  longitudinal 
lines  or  bands;  whorls  three,  crowned  by  a  broad  oord-like  keel,  and  with  a 
thinner  and  sharper  ridge  in  the  middle,  often  corded  or  crenate,  and  sometimes 
tuberculated  or  irregularly  spiniferous,  separated  from  the  upper  keel  by  tlie  con- 
cave upper  portion  of  the  whorl.  Mouth  in  a  plane  nearly  at  right  angles  to 
the  axis,  more  or  less  semilunate  in  form ;  inner  lip  concave,  smooth,  with  a  broad 
callosity  covering  the  base  of  the  shell,  and  becoming  very  thick  and  encroaching 
on  the  mouth  in  old  specimens. 

2.  Neritina  SprattU  mihi.    Figs.  6a  to  6d. 

Shell  ovate,  smooth,  ornamented  with  many  blackish  spots,  more  or  less 
regularly  arranged ;  whorls  three  or  four,  declining  above,  sometimes  compressed 
in  the  middle,  convex  at  the  base.  Spire  depressed,  blunt.  Mouth  oblique, 
irregularly  semilunate  in  form  ;  inner  lip  concave,  callous,  minutely  dentate 

3.  Mdaniai  anomaUit  mihi.    Figs.  3a,  Sb, 

Shell  thick,  reversed,  turreted,  ovate,  somewhat  obtuse  at  the  apex;  whorls 
about  seven,  slightly  convex,  transversely  and  longitudinally  ridged ;  tnmsverse 
ridges  coarse  and  blunt,  obsolete  on  the  uppermost  whorls,  and  gradually  increas* 
ing  in  number,  from  two  on  the  third  whorl  to  four  on  the  body-whorl ;  longitudi- 
nal ridges  obsolete  on  the  upper  whorls  and  becoming  gradually  more  app^uent  on 
the  lower ;  they  are  the  same  distance  apart  as  the  truisverse  ridges,  which  they 
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cross  at  ri^ht  angles,  forming  a  tubercle  at  the  point  of  intersection.  Base  of  the 
shell  similarly  ornamented  and  slightly  nmbilicate.  Month  OTal;  columella 
thickened ;  inner  lip  callous  aboye ;  callosity  flat,  thin,  spreading  over  part  of  the 
base  of  the  shell  above  the  small  umbilicus. 

4.  Ceriihium  redicostaium^  mihi.    Figs.  2a,  2b, 

Sijell  turreted,  acute;  whorls  numerous,  slightly  convex,  ornamented  with 
three  sharp  transverse  ridges,  crossed  at  right  angles  by  about  ten  straight,  sharp, 
yery  prominent,  and  almost  lamelliform  varices,  which  are  slightly  tuberculat^ 
at  the  point  of  crossing,  and  also  just  below  the  suture,  where  wey  are  crossed  by 
a  fourtn  and  very  small  lon^tudinal  ridge.  -  Mouth  oval,  effuse  at  the  base,  where 
the  peristome  is  prolonged  mto  a  pointed  spout 

5.  Unto  Cretengis  mihi.    Figs.  8a  to  8c. 

Shell  veiy  thick  and  coarse,  sub-rhomboidal,  with  the  upper  margin  convex,  and 
the  lower  almost  straight ;  anterior  extremity  rounded,  scarcely  projecting  beyond 
the  umbo ;  posterior  extremity  obliquely  projecting,  yery  convex,  almost  pointed, 
ending  aboye  in  a  sharp  angular  ear ;  umbo  prominent,  scarcely  eroded.  Hinge- 
teeth  and  lamellsB  very  thidc  and  projecting ;  anterior  muscular  impression  very 
deep,  much  deeper  than  the  posterior. 

n. — Dbbobiftion  of  a  New  Spegdeb  fbom  Gebigo. 

Cerithium  Cytherorum,  mihi.    Fig.  11. 

Shell  turreted,  acute  ;  whorls  numerous,  convex,  ornamented  with  two  convex 
transverse  bauds,  which  are  separated  by  a  sharply-defined  shallow  groove,  and 
are  tubcrculated  where  crossed  by  the  varices ;  yarices  curved,  broad,  not  very 
distinct;  suture  neatly  impressed,  slightly  undulated.  Mouth  small,  nearly 
round ;  columella  callous,  twisted,  and  somewhat  produced,  oblique.  Base  of  the 
shell  ornamented  with  about  five  parallel  ridges  croflsed  by  distinct  lines  of  growth. 


EXPLANATION  OF  PLATE. 

F088II£  FBOM  CbETE. 

Figs,  la,  lb. — CerWUum  Lamarckii.    Magnified  2  diameters.    From  the  plain  of 

Arkadia. 
2a. — C  reciicoUatum,    Natural  size.    From  Eherisoniso. 
2b. — C.  recUcoBUjium,  yar.    Natural  size.    From  ELherisoniso. 
„    3a,  Zb.—Mdaniai  anomala.    Magnified  2  diameters.    From  Eherisoniso. 
„  4a  to  4e. — MeUinopna  Bouei.    Magnified  2  diameters.    From  Eherisoniso. 
5a,  56. — Melanopds  bucdnoid^a.    Natural  size.    From  the  Plain  of  ArlrAiliV 
This  species  also  occurs  in  Oerigo. 
„  6a  to  6(2. — Neritina  Spratti,    Ma^ified  2  diameters.    From  Eherisoniso. 
„  7a  to  le, — N.  abnormU,    Magnified  2  diameters.    From  Eherisoniso. 
„  8a  to  8c. — Unio  Creteneis,    Natural  size.    From  Eherisoniso. 

Foflsius  FROM  Gebigo. 

Figs.  9a,  %.— Cerithium  pUcatum.    Natural  size. 
„  10. — C.  doUolum.    Magnified  2  diameters. 

„  11.— 0.  CyQierorum,    Magnified  2  diameters. 

^  12a,  \2b,—NeriUna  JlumaHUs,    Magnified  2  diameters. 
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ON  THE  HISTOEY  AND  USES  OF  THE 
OPHTHALMOSCOPE. 

By  Thomas  Nunnelky,  F.R.C.S.E.,  &c. 

Thoitoh  the  present  age  may  not  be  so  distinguislied  for  any  very 
brilliant  discovery  or  startling  scientific  invention  as  were  some  of 
those  which  are  gone  by,  it  may  be  doubted  if  there  has  over  been  a 
period  in  the  world's  history  in  which  work  likely  to  advance  know- 
ledge and  benefit  mankind  was  more  heartily,  honestly,  or  generally 
pursued  than  at  the  present  day.  If  the  rewards  have  not  been  so 
great  to  one  or  two  individuals  as  to  overshadow  and  obscure  the 
gleanings  of  all  the  other  labourers,  the  progress  made  in  precise 
knowledge  and  the  adoption  of  scientific  precision  has  certainly  never 
been  more  mai'ked.  The  result  is  a  steady  progress,  even  in  those 
departments  of  Imowledge  which  heretofore  have  been  considered  as 
rather  speculative  than  positive,  or  as  belonging  more  to  art  than  to 
science.  The  known  laws  of  one  branch  of  science  have  not  unfre- 
quently  been  applied  with  great  ingenuity  and  success  to  the  prac- 
tical elucidation  of  obscure  phenomena  in  other  departments.  Of 
this  advance  the  instrument,  the  name  of  which  is  placed  above,  and 
the  employment  of  which  has  recently  been  introduced  into  the  inves- 
tigation of  diseases  of  the  eye,  affords  a  very  good  illustration.  In 
drawing  attention  to  it,  we  do  not  intend  to  enter  upon  a  detailed  criti- 
cism of  the  various  appearances,  and  the  minute  shades  of  difference 
which  the  ophthalmoscope  reveals,  inasmuch  as  the  subject,  techni- 
cally treated,  belongs  to  the  domain  of  pure  medicine,  and  would  be 
neither  interesting  to,  nor  be  understood  by,  the  general  reader. 
Indeed,  it  is  very  possible  that  many  persons  have  not  as  yet  heard  of 
the  ophthalmoscope  by  name,  and  very  certain  that  of  those  who  have, 
many  more  have  but  little  knowledge  of  its  application.  Indeed,  so 
novel  is  the  instrument,  and  so  recondite  are  its  revelations,  that  we 
might  say,  as  yet,  it  has  been  very  partially  employed  by  only  one 
section  of  the  medical  profession.  Doubtless  the  time  will  soon  arrive 
when  more  will  have  been  learnt  by  those  who  now  use  the  instrument, 
and  its  employment  be  more  widely  distributed. 

We  propose  rather,  as  briefly  as  possible  consistent  with  intel- 
ligibility, to  give  such  an  account  of  the  instrument  itself,  the 
principles  upon  which  its  action  is  founded,  and  the  objects  which 
its  use  is  likely  to  reveal,  as  may  be  sufficient  to  keep  the  general 
reader  au  courarU  with  the  scientific  inventions  of  the  day,  even  though 
such  inventions  may  belong  exclusively,  in  the  first  instance,  to 
one  section  of  the  community:  we  say  in  the  first  instance,  for, 
without  doubt,  in  the  long  run  every  improvement  in  the  means 
of  diagnosing  and  rendering  clear  and  indubitable;  diseases,  in  what- 
ever part  of  our  bodies  they  may  be  seated,  which  heretofore  have 
been  most  obscure  and  dubious,  is  of  permanent  interest  to  every 
person.      This  is  especially  the  case  with  diseases  of  the  eye,  the 
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neglect  of  which  is  of  such  fearful  consequence  to  the  sufferer. 
Now  it  is  precisely  this  serious  class  of  most  obscure  changes  in  the 
deeper,  more  delicate,  more  important,  and  most  hidden  recesses  of 
the  eyeball,  that  the  ophthalmoscope  is  destined  to  light  up  and  reyeal 
with  a  deamess  which  will  remove  most,  if  not  all,  of  the  obscurity 
which  has  hitherto  concealed  them.  During  the  last  century  no  branch 
of  medicine  has  made  greater  strides  towards  attaining  scientific 
precision  than  has  ophthalmic  surgery,  which  has  been  rescued 
from  the  hands  of  the  impudent  charlatan  and  the  wandering  mounte- 
bank, to  become  in  many  respects  the  most  advanced  branch  of 
practical  medicine ;  yet  it  must  be  admitted  by  everyone,  who  from 
attention  to  the  matter  is  qualified  to  give  an  opinion  on  the  subject, 
that  it  is  in  precisely  these  more  important  diseases  of  the  eyeball,  (in 
which  it  is  of  the  utmost  consequence  to  attain  an  early  knowledge  of 
the  kind  of  change  which  is  going  on,  and  the  particular  structure  in 
which  it  is  taking  place^  that  hitherto  there  has  been  the  greatest 
difficulty  in  so  doing.  The  outer  structures  of  the  eye  are  within 
reach  and  amenable  to  the  examination  of  everyone  ;  not  so  the  inner. 
In  the  earlier  stages  of  disease  in  these,  when  examined  by  the  ordinary 
method,  there  are  often  no  objective  symptoms,  while  the  subjective 
phenomena  are  so  obscure  and  confused,  as  to  be  not  unfrequently  of 
little  certainty  or  value.  Hereafter,  the  ophthalmoscope  promises  to, 
nay,  certainly  will,  remove  much  of  the  obscurity,  and  it  cannot  fail 
to  render  the  diagnosis  of  these  terrible  and  insidious  changes  in  the 
deeper  seated  tissues  of  the  eye  almost  as  much  within  the  sight  of 
an  expert  observer  as  are  tliose  in  the  most  superficial  parts ;  and  by 
thus  enabling  the  competent  oculist  to  detect  the  earliest  indications 
of  change  (which  hitherto  has  been  too  frequently  beyond  his  power 
of  observation),  it  will  allow  him,  by  timely  treatment,  to  prevent  alter- 
ations, which  would  otherwise,  if  unobserved,  progress  until  all  chance 
for  good  being  effected  has  passed  away,  and  hopeless  blindness  has 
become  the  inevitable  lot  of  the  unhappy  patient.  In  many  of  these 
changes,  if  far  advanced,  there  is  no  cure ;  in  them  prevention  is  not 
only  better  than  cure,  but  it  is  emphatically  the  only  cure. 

Though  it  is  barely  a  dozen  years  since  the  ophtiialmoscope  began, 
in  the  hands  of  Briicke  and  Helmholtz,  to  assume  a  form  of  practical 
application,  the  idea  of  such  an  apparatus,  or  rather  the  principle 
upon  which  such  a  method  of  examining  the  eye  depends,  was  first 
clearly  indicated  by  one  of  oxa  own  countrymen,  Mr.  Gumming; 
who,  in  an  admirable  paper,  published  in  the  '  Medico-chirurgical 
Transactions  for  1846,'  clearly  pointed  out  the  importance  of 
observing  the  light  which  is  reflected  &om  the  bottom  of  the  eye,  and 
suggested  the  circumstances  undei*  which  the  interior  of  the  eye  itself 
might  be  examined.  It  now  appears  astonishing  that  Mr.  Cum- 
ming's  observations,  leading  not  very  remotely  nor  indirectly  to  the 
invention  of  the  ophthalmoscope,  did  not  at  once  excite  more  attention ; 
but  it  is  perhaps  still  more  wonderfal  that  the  mirror-like  reflexion 
from  the  bottom  of  the  eyes  of  cats  and  other  animals,  which  must 
have  been  seen  by  the  learned  and  unlearned,  almost  ever  since 
the  creation,  should  not  have  suggested  the  idea  long  ago  :   for 
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in  it  is  the  very  germ  of  the  subject ;  light  falling  upon  the  concave 
bottom  of  the  eye  of  these  animals  is  reflected,  and  causes  the  luminous 
appearance  by  which  the  fondus  of  the  eye,  in  certain  positions  of  it, 
is  seen :  only  place  any  other  animal,  man  included,  in  favourable 
circumstances,  and  the  same  appearance  wiLL  be  observed. 

Dilate  the  pupil,  so  as  to  allow  the  rays  of  light  freely  to  pass  into 
and  out  of  the  eye ;  let  the  eye  be  placed  in  a  suitable  position  for  the 
rays  of  light  from  a  luminous  body  to  fall  upon  it,  in  a  chamber  from 
which  all  the  light  is  excluded ;  and  let  the  observer  stand  in  a  proper 
position,  which  is  '*  as  nearly  as  possible,  in  a  direct  line  between  the 
source  of  the  light  and  the  eye  to  be  examined  ....  when  the  lumi- 
nosity of  the  interior  of  the  eye  will  be  immediately  perceived ;  *' 
these,  as  stated  by  Mr.  Gumming,  are  directions  which  really  com- 
prise the  principles  upon  which  the  ophthalmoscope  must  be  con- 
structed and  used. 

Helmholtz's  first  instrument  was  a  square  box,  with  a  darkened 
interior,  containing  three  parallel  plates  of  glass,  placed  obliquely  at 
one  end,  and  8t  the  other,  one  or  two  'bi-convex  lenses,  to  concentrate 
the  rays  of  light ;  but  the  image  thus  afforded  was  too  faint  to  be  of 
much  value,  as  most  of  the  light  was  lost  by  the  intervening  plates. 
A  great  improvement  was  shortly  afterwards  made  by  the  introduction 
of  a  concave,  or  a  plane-reflecting  mirror,  which,  though  it  has  been 
variously  modified  in  shape  and  mounting,  or  in  the  method  of  being 
held,  constitutes  in  one  form  or  other  the  various  forms  of  ophthal- 
moscope now  used ;  the  modifications  being  rather  according  to  the 
fJEmcy  or  the  whim  of  the  party  using  it,  than  involving  any  difference 
in  principle.  Suggestions  have  lately  been  made  for  a  binocular 
ophthalmoscope,  which  it  is  asserted  possesses  advantages  which  the 
single  reflector  does  not,  but  there  is  a  dif&culty  in  getting  a  correct 
focus  with  it,  and  the  instrument  has  not  obtained  general  adoption. 
Leibrich  has  invented  a  large  and  somewhat  costly  apparatus,  with 
various  tubes,  rods,  and  supports  for  more  accurately  adjusting  the 
focus,  supporting  the  head  of  the  patient,  and  fixing  the  eye  under 
observation:  this  is  said  to  accomplish  its  object  satisfactorily,  but 
from  its  being  a  fixture  and  cumbersome,  is  not  much  used.  The 
instrument  almost  universally  employed,  at  least  in  this  country, 
is  a  circular,  slightly  concave,  mirror  about  two  inches  in  diamet^, 
having  a  central  aperture  of  |  to  -^  in.  diameter,  which,  at  the  plea- 
sure of  the  observer,  may  be  mounted  on  a  stem,  or  simply  held  in  the 
hand,  and  may  be  made  of  speculum  metal,  of  polished  steel,  or,  as 
is  most  common,  of  silvered  glass.  By  this  mirror  the  rays  of 
light  are  received  and  reflected  upon  the  patient's  eye.  The  mirror 
is  held  close  before  the  observer's  eye,  witii  its  aperture  correspond- 
ing with  the  centre  of  his  own  pupil ;  by  this  means  his  own  eye  is 
in  a  great  degree  protected  from  the  light,  while  through  the  aperture 
he  has  a  full  view  of  the  illuminated  disk  of  the  patient's  eye.  The 
central  aperture  in  the  mirror  should  be  of  sufKcient  size  to  allow 
of  this  observation,  but  no  larger,  for  of  course,  at  this  spot,  there 
is  no  reflection  of  light :  indeed,  through  this  orifice,  the  bright 
light,  which  should  all  be  reflected  as  nearly  as  possible,  may  find 
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admission  into  the  observer's  eye,  and  thus  the  experiment  is  inter- 
fered with  in  two  ways.  With  ihe  mirror,  is  frequently  used  a  double 
convex  lens  of  about  two  inches  focus,  which  is  h^ld  between  the  mirror 
and  the  eye  to  be  observed,  for  the  purpose  of  concentrating  the  rays 
of  light  before  they  fall  upon  the  observed  cornea.  This  lens  is 
necessary  when  the  observed  eye  is  flat,  or  presbyopic ;  but  when  the 
cornea  is  convex,  or  myopic,  the  rays  of  light  will  fall  upon  the 
retina  with  sufficient  accuracy,  without  other  concentration  than  the 
eye  itself  is  capable  of  affording. 

For  making  the  observation,  the  eye  to  be  operated  upon  should 
have  had  the  pupil  well  dilated  by  the  introduction  of  atropine ;  for 
unless  this  is  done,  sufficient  light  will  not  enter  the  eye  to  be  reflected 
from  the  fundus  and  render  the  illumination  clear,  nor  will  the  field 
of  vision  be  sufficient  to  enable  an  examination  to  be  made  of  the  whole 
interior,  and  disease  may  likely  enough  exist,  which  lying  behind  the 
undilated  iris  must  necessarily  escape  observation.  The  patient 
should  then  be  placed  in  a  darkened  room,  and  directed  to  hold  the 
head  as  steady  as  possible  with  the  eyelids  widely  open,  and  the 
eyes  lookibg  directly  forward  fixed  as  immovably  as  possible.  If  a 
strong  illumination  is  not  required,  a  wax-candle,  or  if  it  be  necessary, 
an  argand  gas-burner,  or  a  camphine  lamp,  must  be  placed  a  little  behind, 
and  at  the  same  side  of  the  h^id  as  is  the  eye  to  be  examined,  and  on 
the  same  level  as  the  eyes.  The  observer  then  places  himself  directly 
before  the  patient,  bringing  his  eye  with  the  mirror  held  before  it,  as 
nearly  as  he  can  in  the  same  plane  with  the  patient's  eye,  when  the  rays 
of  li^t,  falling  upon  the  mirror,  will  be  rejected  as  a  diffuse  circle  of 
light ;  this,  by  adjusting  the  position  of  the  mirror,  may  easily  be  so 
focnssed  as  to  Ml  directly  upon  the  dilated  pupil,  when  a  brilliant 
illumination  of  the  frmdus  of  the  eye  will  be  obtained,  and  of  course 
any  abnormal  condition  of  its  various  parts  may  be  at  once  observed. 
A  more  interesting  and  striking  picture  can  scarcely  be  imagined  than 
a  brilliant  view  of  the  blood-vessels  of  the  retina  and  choroid  coat  of  a 
healthy  living  eye.  Neither  do  we  know  of  a  more  beautiful  and  simple 
application  of  optical  science,  nor  of  one  which  is  more  rich  in  the  ad- 
vantages which  it  is  likely  to  confer  upon  mankind.  To  those  familiar 
with  the  more  simple  of  optical  laws,  the  mode  in  which  this  image 
is  obtained,  will  be  at  once  so  obvious  as  to  require  no  explanation ; 
while  it  would  hardly  be  possible,  without  the  aid  of  diagrams  and  a 
larger  space  than  we  can  spare,  to  render  it  intelligible  to  those  who 
do  not  tmderstand  them. 

We  must,  however,  guard  our  readers  against  at  once  jumping  to  the 
conclusion,  iiiat  because  it  is  now  easy  for  any  competent  observer  to 
see  clearly  into  the  very  bottom  of  the  living  eye,  it  is  therefore  easy 
to  make  the  observation  usefdl.  None  but  a  skilful  anatomist  and 
physiologist  can  do  this ;  inasmuch  as  he  must  first  not  only  know  of 
what  the  marvellously  minute  tissues  of  the  interior  structures  of  the 
eye  consist,  but  he  must  also,  by  patient  and  repeated  observation, 
have  rendwed  himself  familiar  with  the  appearances  which  this 
healthy  condition  presents  under  examination  with  the  ophthalmoscope, 
before  he  can  venture  upon  the  attempt  at  discriminating  between 
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them  and  those  which  result  from  altered  and  abnormal  conditions  of 
the  tissues ;  and  after  he  has  arrived  at  this  knowledge  he  must  further 
learn  by  frequent  examination  and  careful  reasoning,  to  determine  not 
only  in  which  particular  structure  the  change  may  be,  but  the  exact 
nature  of  the  change  and  the  stage  of  it,  whether  it  indicates  an 
altered  condition  of  a  temporary  nnimportant  character,  or  a  morbid 
state  of  a  more  permanent  or  even  irremediable  kind ;  whether  the 
disease  be  in  an  early  stage,  with  commencing  mischief,  or  at  a  period 
of  decline,  when  any  change  which  is  likely  to  result  from  it  has 
already  been  accomplished.  He  must  further  know  whether  any  treat- 
ment (and  if  any,  of  what  nature)  is  likely  to  be  beneficial ;  or  whether 
the  change  involves  such  organic  alteration  in  the  structure  of  the  part, 
that  no  remedies  can  benefit :  even  further  information  may  be  obtained 
if  this  latter  condition  be  established,  for  we  learn  whether  the  disease 
be  such  as  may  be  limited  to  the  eye  or  may  extend  to  the  whole  sys- 
tem, ultimately  destroying  not  only  the  organ  itself,  but  the  life  of  the 
patient.  It  is  upon  the  answers  given  to  these,  and  similar  important 
questions,  that  the  knowledge  revealed  by  the  ophthalmoscope  is  de- 
stined to  be  of  the  utmost  value.  We  say  advisedly  "  destined  to  be,"  for 
though  fully  prepared  to  recognize  the  great  steps  in  advance,  which 
the  diligence  of  comparatively  few  observers  has  secured,  and  to 
acknowledge  that  many  of  the  more  clearly  marked  diseases  are 
already  readily  diagnosed,  it  must  be  confessed  that  much  still 
remains  to  be  done ;  there  is  still  much  to  be  leai-nt,  and  something 
to  be  unlearnt.  For  ardent  minds  will  dogmatize  on  insufi&cient 
data,  and  inexperience  is  apt  to  overlook  difficulties  which  stand  in 
the  way  of  those  who  know  more ;  while  ignorance  will  not  unfre- 
quently  hazard  a  rash  assertion  rather  than  confess  to  a  want  of  ex- 
perience in  the  use  of  an  instrument  with  which  a  patient,  having 
heard  something  wonderful  about  it,  expects,  as  a  matter  of  course, 
that  the  party  he  consults  should  be  perfectly  familiar.  We  could  cite 
examples  of  strange  assertions  and  crude  speculations  which  have  been 
made  after  gravely  peeping  through  an  ophthalmoscope.  This,  how- 
ever, is  no  valid  argiunent  against  the  value  of  the  discovery  itself. 
The  difficulty  of  acquiring  any  technical  knowledge,  sufficiently  pre- 
cise to  be  valuable,  is  often  great ;  far  more  so  than  many  people  sup- 
pose. No  greater  advance  in  the  means  of  detecting  and  distinguishing 
diseases  of  the  chest  has  ever  been  made  than  through  the  invention  of 
the  stethoscope.  Now  what  this  simple  instrument  is  to  the  chest,  the 
ophthalmoscope  is  and  will  be  to  the  eye.  It  has  required  nearly  fifty 
years  of  diligent  observation,  and  the  labour  of  thousands  of  learned 
men  over  almost  the  whole  world,  to  define  the  revelations  of  the 
stethoscope  as  now  understood  by  the  initiated,  and  still  there  are 
multitudes  who  make  a  show  of  using  it,  but  do  not  understand  its 
teachings.  So  it  is,  and  probably  lung  will  be,  with  the  ophthalmo- 
scope. 

Appearances  which  are  not  now  understood,  will  ere  long  have 
their  tnie  significance  shown  to  those  who  will  take  the  trouble  to  learn ; 
and  errors  which  are  now  committed  will  be  avoided,  while  accumu- 
lated experience  will  clearly  indicate  the  value  of  that  which  is  now  ob- 
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scnre.  It  is  not  unlikely  that  improved  forms  of  instmments  may  be 
suggested,  by  which  even  more  perfect  views  than  can  now  be  got  of 
the  fondiis  of  the  eye  may  be  obtained ;  and  instruction  in  their  use  will 
become  so  common,  that  it  will  be  regarded  as  a  necessary  part  of  the 
duty  of  those  who  undertake  the  especial  treatment  of  diseases  of  the 
eye,  to  obtain  as  familiar  an  acquaintance  with  the  use  of  the  ophthal- 
moscope as  they  are  now  obliged  to  have  with  the  instruments  used  in 
the  performance  of  physical  operations,  or  as  the  physician  to  the  hos- 
pital for  diseases  of  the  chest  must  have  with  the  stethoscope.  Already 
a  suggestion  has  been  made  by  a  Canadian  to  add  to  the  ophthalmoscope 
an  apparatus  by  which  photographs  of  the  bottom  of  the  eye  may  bo 
obtained :  this,  though  not  at  present  of  practical  avail,  may  not  un- 
likely become  so  ere  long. 

When  it  is  considered  how  short  a  time  has  elapsed  since  the  power 
of  seeing  into  the  bottom  of  the  living  eye  was  demonstrated  to  be 
practical,  it  is  satisfactory  to  know  how  much  has  already  been 
accomplished  in  rendering  the  knowledge  useful  in  the  treatment  of 
diseases  there  seated. 

It  is  not  intended  to  be  asserted  that  it  will  ever  become  very 
easy  to  determine  by  the  ophthalmoscope  the  value  of  all  the  changes 
which  take  place  in  the  living  eye,  any  more  than  it  is  to  become 
a  learned  astronomer,  or  to  acquire  any  other  knowledge  which 
involves  the  possession  of  intellect,  and  the  expenditure  of  labour ;  but 
to  those  who  possess  the  one,  and  will  tmdergo  the  other,  the  ophthalmo- 
scope is,  and  will  be,  of  the  greatest  value.  Medicine  is  daily  becom- 
ing more  of  a  science,  and  &ose  who  care  to  keep  pace  with  its  pro- 
gress will  have  to  do  so  by  the  study  and  adoption  of  those  means  of 
which  the  stethoscope  and  ophthahnoscope  are  illustrations. 


ACCLIMATIZATION. 

By  Dr.  C.  Collinowood,  M.A.,  M.B.  Oxon.,  F.L.S. 

We  recollect  hearing  a  distinguished  English  Zoologist  not  long  since 
assert  that,  notwithstanding  all  the  Societies  devoted  to  this  object, 
and  all  the  assiduous  care  which  had  been  bestowed  upon  the  deporta- 
tion and  breeding  of  animals,  with  a  view  to  adapt  them  to  their  new 
homes,  no  successful  instance  of  acclimatization  could  be  produced  by 
the  supporters  of  the  system.  But  either  the  veteran  systematist  must 
have  made  a  false  estimate  of  the  true  nature  and  objects  of  acclimatiza- 
tion, or  he  must  have  judged  of  the  facts  by  too  narrow  and  procrustean  a 
rule ;  for  no  one  who  is  acquainted  with  the  efforts  and  the  proceedings 
of  the  two  great  Acclimatization  Societies,  those  of  Paris  and  Victoria, 
can  believe  that  the  sums  expended,  the  energy  evinced,  and  the  interest 
aroused  by  them,  can  be  for  a  mere  visionary  and  shadowy  object. 
The  reports  which  are  issued  by  these  Societies  from  time  to  time 
display  an  amount  of  successful  enterprise,  which  is  a  subject  of  just 
congratulation,  and  we  cannot  but  wish  prosperity  to  aims  which  are 
at  once  useful  and  philanthropic,  and  which,  in  some  cases,  are  re- 
VOL.  I.  2  a 
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deemed  by  a  touch  of  romance  from  the  ordinary  utilitarian  ends  of 
similar  nndertakings. 

Among  the  useSil  animals  to  which  the  Soci^t^  d'Acdimatation* 
have  directed  special  attention,  the  yak  is  conspicuous,  a  native  of 
Thibet, — a  creature  possessing  a  most  valuable  skin  or  fleece,  and  which 
is  found  to  breed  very  readily  in  the  garden  of  the  Society ;  and, 
although  it  at  present  yields  but  little  milk,  it  is  hoped  that  in  time, 
the  influence  of  domestication  may  render  it  more  viJuable  in  this  as 
in  other  particulars.  Several  prizes  are  offered  for  the  breeding  of 
these  animals,  viz. : — two  prizes  of  2.500  francs  each,  for  anyone  who 
shall  produce  by  the  Isfc  December,  1865,  four  yaks  of  pure  blood,  of 
a  year  old,  and  of  his  own  breeding  ;  also  other  prizes  of  1,800  and 
1,200  frejQcs,  for  crosses  between  yaks  of  pure  breed  and  mountain 
cattle  (vaches  de  travail) ;  as  well  as  smaller  prizes  for  such  animals 
as  shall  prove  apt  as  beasts  of  labour  or  of  burden. 

Similar  experiments  are  in  course  of  trial  upon  Angora  and 
Egyptian  goats,  Caramanian  and  Merino  sheep,  &c.,  which  are  reported 
to  be  in  a  fair  way  to  success ;  and  encouragement  is  held  out  by  prizes 
of  various  amounts,  for  the  production  of  small  flocks  of  these  animals, 
for  the  purest  breed,  and  the  heaviest  producible  fleece. 

The  gathering  together  in  good  condition,  and  in  sufficient  numbers 
to  establish  a  species,  of  foreign  animals  and  plants  is  necessarily  a 
very  slow  and  delicate  process,  and  much  time  must  obviously  be  ex- 
pended before  very  decided  results  can  be  expected.  Most  of  these 
animals  breed  only  once  a  year,  and  their  natural  increase  is,  therefore, 
slow,  however  eminently  they  may  prove  themselves  adapted  to  their 
new  home.  Nor  is  it  to  be  expected  that  every  experiment  of  the 
kind  should  be  at  once  successful.  We  should  regret  to  see  an  energetic 
movement  damped  by  temporary  misfortune,  and  we  trust  that  the  ill 
success  attending  the  first  attempts  (in  1860)  at  the  introduction  of 
Llamas  and  Alpacas  into  France  will  only  be  a  difficult  stepping-stone 
to  the  accomplishment  of  a  task  of  great  importance,  both  in  an  agri- 
cultural and  economical  point  of  view. 

A  second  attempt  is  already  contemplated,  and  the  Presidents  of 
Peru  and  Equador  have  offered  two  troops  of  these  animals,  and  M.  St. 
Hilaire  has  published  a  paper  relating  the  causes  of  the  recent  failure, 
with  instructions  as  to  their  treatment  with  a- view  to  avoid  such 
failure  in  future. 

Similar  attempts  are  being  made  to  utilize  the  wild  ass,  and 

*  The  Imperial  Zoological  Society  of  Acclimatization  publishes  a  monthly 
'  Bulletin/  the  numbers  of  which  are  now  before  us,  nnd  contain  a  great  deal  of 
most  interesting  matter  (*  Bulletin  Hensuel  de  la  Society  Imperiale  Zoologique 
d'Acdimatation.'  Paris  :  Masson  &  Fils).  The  object  of  this  Sociel^  (which  ha« 
been  founded  ten  years)  is  to  co-operate  '*  for  the  purpose  of  introducing,  acclima- 
tizing, and  domesticating  species  of  animals  which  are  either  useful  or  ornamental, 
and  we  improvement  and  multiplication  of  races  newly  introduced  or  domesticated. 
The  Socie^  also  occupies  itself  with  the  introduction  and  cultivation  of  useful 
vegetables.  M.  Drouyn  de  Lhuys,  the  Foreign  Minister,  is  President  of  the 
Society,  and  its  council  includes  tibie  names  of  Fassy,  Bichard,  Dupin,  Gloquet» 
DumerU,  Quatre&ges,  and  others  ;  while  it  also  enjoys  a  peculiar  share  of  the 
Imperial  countenance  and  patronage. 
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Bnrchell's  zebra,  quagga^  <&c.,  and  prizes  for  the  succesafdl  breeding 
of  these  animals  in  a  state  of  captivity  or  domestication  are  offered,  as 
well  as  for  crosses  between  them  and  the  mare  and  the  ass. 

Among  birds,  the  ostrich  has  been  introduced  and  domesticated  in 
Algeria  and  in  the  south  of  Europe,  and  prizes  of  1,500  francs  are 
offered  for  the  possession  of  flocks  of  these  birds,  bred  by  the  owner. 
Attempts  also  are  being  made  with  the  cassowary  of  New  Holland, 
and  the  American  rhea,  the  crowned  pigeon,  the  ocellated  turkey 
(Meleagris  ocellataV  Califomian  quail,  &c. 

We  have  not  alluded  to  a  Society  which  exists  in  London  of  a 
similar  character,  not  because  it  is  unimportant,  but  rather  because 
we  wished  to  call  attention  to  the  extensive  scale  upon  which  the 
Societies  of  Paris  and  Melbourne  are  engaged.  The  most  important 
work  of  the  London  Acclimatization  Society  is  in  the  matter  of  Pisci- 
culture. Of  this  Society  Mr.  Frank  Buckland  is  an  active  member, 
and  his  exertions  in  the  cause  of  fish-hatching,  and  the  preservation, 
rearing,  and  introduction  of  valuable  fish  in  the  rivers  of  this  country, 
must  be  appreciated  by  everyone.  The  recent  discovery  of  a  fine 
salmon,  which  had  revisited  the  Thames,  makes  us  hope  that  the 
labours  of  the  pisciculturists  will  be  aided,  as  fear  as  the  metropolis  is 
concerned,  by  the  great  works  which  haye  been  undertaken  for  the 
purpose  of  purifying  the  river,  and  we  trust  that  attention  is  now  siiffi- 
ciently  aroused  to  the  necessity  of  protecting  a  single  fish  like  the 
salmon,  to  prevent  that  extirpation  of  it  which  a  short  time  since 
seemed  but  too  probable.  Nor  should  we  altogether  omit  to  allude  to 
the  success  which  has  attended  the  efforts  to  cultivate  oysters. 

The  French  Society  have  also  largely  devoted  themselves  to  these 
subjects,  and  we  regret  that  our  space  will  not  permit  us  to  enter  more 
fully  upon  these  labours.  Several  valuable  papers  upon  Pisciculture 
appear  in  the  first  series  of  '  Bulletins,'  wi&  the  names  of  Yallen- 
oiennes,  GriUet  de  Grandmont,  Een4-Gaillaud,  Lamiral,  &c.,  attached. 

The  cultivation  of  the  silkworm  has  also  attracted  much  notice, 
and  in  this  department  the  name  of  M.  Gu^rin-M^neville  stands  con- 
spicuous. Several  species  have  been  introduced  into  France,  and 
largely  supplied  with  the  trees  which  are  their  natiural  food.  Among 
these  are  the  Bombyx  Cynthia,  or  Aiknthe  silkworm,  and  more 
recently  the  Ta-ma-mai,  or  oak  silkworm  of  Japan.  The  latter  have 
been  introduced  at  some  risk  by  M.  Pompe  van  Meerdervoort,  Director 
of  the  Medical  School  at  Nagasaki,  who  procured  a  number  of  eggs, 
the  exportation  of  which  is  strictly  prohibited  by  the  Japanese,  which 
have  been  reared  in  France  successfully ;  and  it  is  believed  that  this 
important  insect,  which  lives  upon  the  leaves  of  the  common  oak,  will 
support  the  variations  of  our  climate  without  much  difficulty.  The 
Chinese  oak  silkworm  (Bombyx  Pemyi)  has  been  imported  also, 
but  the  experiment  of  rearing  it  has  for  the  present  fSailed. 

The  popularity  of  the  subject  of  acclimatization  is  well  illustrated 
by  the  prominence  lately  given  in  our  leading  journal,  to  a  report 
about  to  be  issued  by  the  Acclimatization  Sociefy  of  Victoria ;  and  it 
is  their  experience  that  paragraphs  referring  to  the  proceedings  of  the 
Society  attain  a  circulation  more  general  than  almost  any  other  subject 
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in  Englisli  and  foreign  newspapers.  And  althongli  the  Society  to 
which  we  are  now  referring  is  the  one  best  known,  and  whose  results 
have  been  most  tangible,  as  their  efforts  have  been  most  unwearied,  it 
may  be  mentioned  that  amongst  its  fruits,  perhaps,  may  be  reckoned 
numerous  other  such  Societies  which  have  taken  that  of  Victoria  as 
their  model ;  so  that  they  now  exist  in  almost  every  colony  in  those 
seas,  as  at  Sydney,  Hobart  Town,  Adelaide,  Brisbane,  Auckland,  Lyttle- 
ton,  and  Dunedin.  The  French  Society,  too,  have  established  most 
cordial  relations  with  that  of  Melbourne,  and  a  French  man-of-war  is 
at  the  present  time  engaged  in  transporting  thither  specimens  of  the 
yak,  the  ostrich,  and  other  animals.  Moreover,  the  British  Govern- 
ment has  recently  been  induced  to  take  up  the  project  with  an  amount 
of  consideration  altogether  without  precedent,  the  foreign  and  colonial 
offices  having  recently  sent  to  Briti^  emissaries  in  all  countries  in  the 
world,  a  series  of  questions  as  to  the  various  desirable  natural  products 
of  each  country :  and  the  Admiralty  has  issued  a  circular  to  all  com- 
manders of  Her  Majesty's  ships,  directing  them  to  render  every  service 
in  their  power  to  the  cause  of  acclimatization,  in  the  conveyance  of 
specimens. 

The  inauguration  of  the  Acclimatization  Society  of  Melbourne  on 
its  present  footing  is  comparatively  recent,  since  less  than  three  years 
have  elapsed  since  it  was  amalgamated  with,  and  undertook  the  duties 
of  the  Zoological  Committee.  Its  Council  is  composed  of  gentlemen 
engaged  in  commerce,  who  willingly  devote  much  valuable  time  to  the 
subject,  under  the  Presidency  of  Mr.  Edward  Wilson,  the  founder  of 
the  Society,  and  to  whom  has  just  been  awarded  the  great  GK)ld  Medal  of 
the  Paris  Society,  which  was  instituted  in  1862  for  the  traveller  who, 
during  nine  years,  had  rendered  the  greatest  services  to  the  cause  of 
acclimatization.  Since  the  amalgamation,  in  consequence  of  the  increas- 
ing number  of  animals  and  the  unhealthiness  of  the  original  site  of 
the  gardens,  an  entirely  new  establishment  has  had  to  be  formed  in 
the  Boyal  Park,  involving  a  very  heavy  expenditure  in  fencing,  plant- 
ing, forming  excavations  for  ponds,  building  a  house  for  the  superin- 
tendent, shelter-sheds,  pens,  &c.,  and  the  Society  now  ask  for  a  subsidy 
from  the  colonial  government.  Among  other  items  laid  upon  the 
table  of  the  Assembly,  3zd  February  last,  was  one  of  4,000Z.  for  the 
Acclimatization  Society,  coupled  wi^  a  condition  that  650Z.  should  be 
raised  by  private  subscription.  It  is  to  justify  this  vote  that  the 
Society  has  published  the  results  of  its  efforts,  in  order  to  prove  to  the 
Grovemment  that  the  public  money  is  being  legitimately  spent,  as  well 
as  to  create  a  wider  interest  in  the  object  of  the  enterprise. 

The  herd  of  Camels  brought  from  India,  at  an  expense  of  1202.  per 
head,  had  become  scattered,  imd  were  in  a  fair  way  of  being  annihilated 
under  the  various  exploratory  expeditions.  Such  of  them  as  could  be 
saved  have  been  collected  at  Mr.  Wilson's  station,  at  the  Wimmera, 
where  they  are  now  breeding  regularly,  and  forming  the  nucleus  of 
probably  a  large  herd,  available  at  some  future  day,  either  for  explora- 
tion or  for  conveying  the  products  of  remote  stations  to  the  more 
arid  dicrtricts. 

Reports  have  reached  us  of  the  &ilure  of  the  first  attempts  to. 
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naturalize  ihe  Pemvian  Alpaca,  and  out  of  800  introduced,  fiye  years 
since,  from  Pern,  and  purchased  by  the  New  South  Wales  Gk>Tem- 
ment  for  15,O0OZ.,  all  have  died,  and  their  progeny,  330  in  number,  are 
in  an  unhealthy  condition — so  much  so  that  in  the  colonial  legislature 
it  was  determined  to  get  rid  of  the  cost  of  keeping  them,  and  disposing 
of  them  at  once,  by  auction  or  otherwise.  But  on  the  other  hand 
the  official  report  of  the  Society  prepared  in  the  present  year  shows 
that  another  attempt  is  likely  to  have  a  more  successful  issue.  It  is 
there  stated  that  tiie  little  flock  of  llamas  and  hybrids  imported  from 
England,  and  under  the  care  of  Mr.  Duffield,  have  been  diligently 
cared  for.  They  have  been  crossed  with  pure  alpacas,  and  young 
ones  of  the  second  cross  are  now  being  dropped.  Since  landing,  their 
numbers  haye  increased  from  19  to  56.  Thus,  while  the  Camels  suf- 
fered from  being  too  greatly  scattered,  the  Alpacas  failed  from  too  great 
concentration. 

The  Angora  goat  has  been  received  frt>m  the  Paris  Society,  and  is 
rapidly  multiplying ;  they  are  being  crossed  with  the  common  goat  in 
considerable  numbers.  The  Cashmere  goat  also  has  been  imported 
by  an  enterprising  gentleman  at  Maryborough,  who  is  now  experiment- 
ing with  it.  Various  breeds  of  sheep,  some  of  which  show  signs  of  a 
peculiar  adaptability  to  a  hot  climate,  are  also  under  experiment.  The 
fallow  deer,  the  Indian  elk,  and  the  axis  have  been  successfully  im- 
ported, bred  from,  and  turned  loose  at  Wilson*s  promontory  and  other 
places.  Numerous  specimens  of  the  hog-deer  of  India,  and  other 
species  from  Manilla  and  Formosa,  are  also  in  the  Society's  possession 
for  similar  purposes. 

With  regard  to  game,  the  hare  has  been  sent  by  the  Zoological 
Society  of  London,  and  has  been  turned  out  on  Philip  Island,  where  it 
is  breeding  freely.  Various  breeds  of  pheasants,  partridge,  grouse, 
and  quail  have  been  introduced,  and  some  liberated.  The  English 
wild  duck  has  multiplied  very  freely.  The  Egyptian  goose  has  bred, 
and  promises  to  be  thoroughly  acclimatized.  So  also  i£e  wild  peafowl 
of  Ceylon  has  thriven  and  bred,  while  the  white  swan  and  various 
kinds  of  foreign  doves  and  pigeons  have  been  introduced  and  liberated 
in  various  localities. 

Among  fish,  the  salmon  has  been  the  object  of  considerable  pains 
and  expense  on  the  part  of  the  Tasmanian  legislature,  and  promises 
well.  The  gouramie,  represented  as  the  best  fresh-water  pond-fish  in 
the  world,  has,  after  many  trials,  been  introduced ;  and  carp,  tench, 
roach,  dace,  and  gold  fish  have  been  distributed  in  various  localitieB 
favourable  to  their  multiplication.  Grey  mullet  and  the  edible  crab 
have  also  been  introduced,  not,  indeed,  in  sufficient  numbers  to  justify 
a  hope  of  establishing  the  breed,  but  amply  suggestive  of  what  will  be 
done  in  the  future. 

The  Ligurian  bee,  from  its  industrious  and  wonderfully  prolific 
qualities  perhaps  the  most  valuable  insect  in  the  world,  is  multiply* 
ing  with  almost  incredible  rapidity,  and  will  soon  be  accessible  to  all 
classes. 

One  of  the  most  interesting  features  of  this  Society's  work  is  the 
estimate  by  which  value  is  determined.     They  do  not  limit  their  in- 
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qniries  to  objects  of  immediate  or  material  nsefiilness.  They  do  not 
ask  simply,  whether  certain  animals  are  good  eating,  or  otherwise 
adapted  for  daily  use,  but  they  consider  that  the  eye  and  the  ear  should 
be  gratified  also,  and  that  everything  is  worth  securing  which  adds 
cheerfulness  to  scenery,  and  revives  home  associations  on  colonial 
ground.  The  introduction  of  insect-destroying  birds  is,  it  is  true,  an 
object  arrived  at;  but  with  this  has  been  combined  an  effort  to  sur- 
round colonial  residences  with  such  reminders  of  the  old  country,  as 
thrushes,  blackbirds,  skylarks,  starlings,  chaffinches,  and  sparrows.* 
The  goldfinch,  greenfinch,  linnet,  yellow-hammer,  ortolan,  bunting, 
robin,  and  canary,  and  many  kinds  of  the  smaller  birds  of  other  coun- 
tries, as  the  Chinese  sparrow,  Java  sparrow,  and  the  Indian  mine,  are 
being  accumulated  in  the  aviaries  of  the  Society,  and  many  of  th^oi 
have  already  bred  there.  The  nightingale  and  the  hedge-sparrow  have 
l)een  promised  them  by  ladies  at  home,  and  the  Queen  herself  has 
made  an  effort  to  supply  them  with  the  rook.  Such  news  may  be  sur- 
prising to  the  farmers  of  this  country,  who  mercilessly  destroy  the  very 
birds  which  our  wiser  antipodean  brethren  are  seeking  to  introduce : 
but  such  is  the  fact,  and  we  believe  the  Australians  are  right. 

In  concluding  this  brief  survey  of  a  subject  of  so  great  and 
increasing  interest,  we  ought  to  do  fall  justice  to  the  aims  of  the 
Australian  Society,  who  regard  the  advantages  of  acclimatization  in  a 
light  which  raises  it  above  a  mere  utilitarian  and  commercial  specula- 
tion. Deprecating  the  sneers  and  misrepresentations  of  thoughtless 
and  ignorant  persons,  who  have  no  conception  of  the  varied  objects 
and  considerable  interests  which  it  embraces,  they  openly  state  their 
object  in  stocking  their  country  with  new,  useful,  and  beautiful  things 
to  be,  not  only  to  add  to  the  national  wealth — ^not  only  to  suggest  new 
forms  for  colonial  industry,  but,  also  to  provide  for  manly  sports,  which 
will  lead  the  Australian  youth  to  seek  their  recreation  on  the  river's 
bank  and  mountain  side,  rather  than  in  the  caf(6  and  casino.  Nor  do 
they  stop  at  this  praiseworthy  avowal ;  we  have  alluded  to  a  touch  of 
romance  in  their  undertaking,  and  it  is  not  everyone  who,  endowed 
with  a  commercial  mind  and  deeply  engaged  in  the  practical  business 
of  life,  will  fully  enter  into  the  desire  the  colonists  express,  not  only  to 
add  new  elements  to  the  food  of  an  entire  people,  but  also  to  surround 
every  homestead,  and  the  path  of  every  wayfarer,  with  new  forms  of 
interest  and  beauty.  This  is  their  unwonted  aim,  and  we  cannot  but 
rejoice  that  such  a  truly  poetical  feeling  should  mingle  with  the 
sterner  and  more  practical  realities  of  the  system.  Such  a  body  may 
well  claim  the  sympathies  of  every  good  man,  on  the  ground  that  they 
are  engaged  in  a  noble  work,  and  we  most  cordially  wish  them  God 
speed  in  their  useful  and  humanizing  undertaking. 

*  In  1830  a  merchant  wiBhing  to  import  sparrows  to  the  Havanna,  found  on 
arrlTttl  that  the  customs  duties  were  so  heavy  that  he  could  not  hope  to  eell  the 
birds  profitably ;  he  therefore  let  them  fly — ^the  birds  entered  the  island  tree  of 
duty,  and  at  the  end  of  some  years  their  number  was  so  much  increased,  that  in 
certain  localities  they  are  as  numerous  as  they  are  at  home.  (Graells,  delegate  of 
the  Acclimatization  Society  at  Madrid.)  This  fact  is  an  encouragement  to  tho 
Australian  movement. 
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COPPBE  MINING  IN  TUSCANY. 

Account  of  the  Copper  Vein  occurring  in  Tertiary  Volcanic  Bock  worked 

at  the  Mine  ofMojUe  Caiini  in  Tuscany, 

By  Profefisop  D.  T.  Anbtkd,  F.RS. 

Thx  copper  miniBg  of  Tuscany  has  within  the  last  quarter  of  a  ceu- 
tniy  assumed  considerable  importance,  and  more  than  one  of  the  great 
mining  successes  of  the  time  has  been  gained  there.  The  position  and 
circumstances  of  the  mineral  yeins  that  yield  these  supplies  are 
peculiar,  and  differ  much  from  the  cases  with  which  miners  are 
familiar,  not  only  in  England  but  in  Europe  generally.  At  the  present 
time,  when  eyerything  within  the  range  at  the  Italian  Goyemment  is 
accessible  to  our  countrymen,  it  is  well  that  a  knowledge  of  these 
sources  of  mineral  wealth  and  great  scientific  interest  should  be 
widely  known.  I  make  no  apology,  therefore,  for  offering  a  few  notes 
on  the  subject,  collected  during  a  yisit  I  paid  to  Tuscany  last  autumn. 

The  riyer  C^cina  is  one  of  the  largest  of  seyeral  small  streams  that 
take  their  origin  in  the  tertiary  hills  west  of  the  yalleys  of  the  Amo 
and  the  Tiber.  These  streams,  after  crossing  a  few  miles  of  tertiary 
rock,  through  which  here  and  there  picturesque  hills  seem  to  rise  up 
without  any  reference  to  the  surrounding  country,  enter  the  Mediter- 
ranean in  the  flat  alluyial  tract  extending  almost  uninterruptedly  from 
Leghorn  to  Oiyita  Yecchia.  They  trayerse  a  country,  parts  of  it 
coyered  with  yegetation  at  certain  seasons,  but  many  parts  almost 
startling  from  their  extreme  bareness  and  desolation.  In  these  places, 
and  indeed  eyerywhere  in  this  part  of  Italy,  the  effect  of  the  last  heayy 
rains  is  always  traceable  on  the  loose  sands  of  the  yalley  and  plain, 
and  at  interyals  we  find  fissures  from  which  issue  hot,  sulphurous 
yapours.  Formerly  there  were  numerous  small  lakes  or  lagoons  of 
muddy  water  boiling  yehemently.  The  low  plains  were  redolent  of 
the  disagreeable  odour  of  rotten  eggs,  owing  to  the  emanations  of  std- 
phuretted  hydrogen  gas,  and  carbonic  add  gas  issued  in  great  quantities 
from  certain  creyices.  The  soil  was  loose  and  dangerous,  and  sheep, 
cattle,  and  pigs,  and  eyen  human  beings  were  frequently  buried  in  the 
treacherous  and  shaking  soiL  Within  the  last  thirty  years  the  country 
is  much  improyed.  The  yapours  haye  been  utilized  in  a  double  sense, 
for  yast  quantities  of  borax  are  now  economically  manufactured  by 
taking  adyantage  of  the  natural  heat  of  the  streams  and  springs  to 
eyaporate  the  solutions  of  yaluable  salts  that  abound  in  the  district. 

The  axis  of  the  fissures  that  yield  both  borax  and  the  hot  yapours 
is  parallel  to  that  of  the  Apennines,  and  also  to  that  of  a  number  of 
eruptions  of  serpentinous  rock  in  Tuscany.  It  agrees,  further,  with  the 
direction  of  seyeral  recent  earthquakes  in  Italy.  Fissures  in  the  ser- 
pentine rock  itself,  and  also  in  the  rock  immediately  adjacent,  contain 
numerous  minerals,  and  among  them  some  ores  of  copper  of  yery  great 
importance.  One  of  the  yeins  is  worked  in  the  mine  of  Monte  Catini 
to  great  profit,  and  under  yery  interesting  conditions.     Others  are 
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worked  in  the  Yal  Castrucci,  in  the  Maremme,  near  the  coast,  and  in 
this  latter  case  there  is  evidence  that  the  ancient  Etruscan  inhabitants 
of  Italy  were  able  to  take  advantage  of  the  minerals  there  fonnd.  In 
the  Massa  Maritima,  the  veins  traverse  the  tertiary  rock  of  the  dis- 
trict. They  range  from  N.  W.  to  S.E.  The  veinstone  or  earthy 
mineral  accompanying  the  ore  is  nsnally  qnartz.  The  veins  are  wide, 
the  principal  one  measoring  from  30  to  50  feet.  The  terrible  miasma 
of  the  '  Maremme,'  as  the  marsh  lands  of  this  part  of  Tnscany  are 
called,  is  a  serious  drawback  to  working  the  mines  of  this  district 

Besides  the  open  iGlssures  containing  ore,  found  in  the  sedimentary 
rocks  themselves,  there  are  dykes,  filled  with  volcanic  rock  of  the  nature 
of  basalt,  traversing  the  same  rocks,  and  in  some  of  these  copper  has  been 
worked  from  time  immemorial.  The  greater  hardness  of  these  dykes 
compared  with  that  of  the  sedimentary  rock,  has  helped  to  preserve  the 
latter  from  the  action  of  the  weather,  and  thus  to  leave  hills  of  which 
the  dykes  in  question  are  a  nucleus.  Although  but  a  short  distance 
from  the  coast,  where  a  few  hours'  exposure  to  the  evening  air  is 
sufficient  to  induce  a  fatal  attack  of  malaria  fever,  the  villages  on 
the  hills  are  quite  healthy,  and  near  Campiglia,  one  of  these  villages, 
is  a  fine  old  Etruscan  mine  from  which  copper  ore  has  been  isien 
on  a  scale  worthy  of  the  old  Etruscan  population  whose  works  of 
more  than  one  kmd  have  endured  longer  than  history  can  record. 
At  present  the  ore  is  poor  though  abundant,  but  doubtless  in  ancient 
times  there  must  have  been  good  reasons  for  the  construction  of  ex-- 
cavations  that  more  resemble  huge  natural  caverns  than  ordinary 
mining  work.  That  these  excavations  were  only  made  when  some- 
thing was  to  be  gained  by  them  is  evident  from  the  extremely  small 
proportion  of  the  levels  or  mere  galleries  of  communication.  The  rock 
is  very  hard,  and  the  labour  required  must  have  been  prodigious. 

The  rock  in  which  the  copper  ore  is  found  in  this  mine  is  partly 
the  ancient  lava,  but  partly  cdso  the  rock  penetrated  and  altered  by  it. 
Thus,  occasionally,  there  is  a  marble  floor  to  the  vein,  and  the  lime- 
stone intersected  by  the  original  fissure  seems  to  have  been  converted 
into  this  marble  by  the  irruption  of  the  heated  matter  to  which  the 
dyke  owes  its  origin. 

The  very  important  mine  of  Monte  Catini  is  another  curious 
instance  of  the  same  kind.  It  is  situated  in  an  altered  lava  close  to  a 
boss  of  trachytic  rock  a  few  miles  west  of  Yolterra,  and  some  distance 
north  of  the  Massa  Maritima.  The  distances  indeed  between  the  points 
hitherto  described  is  somewhat  considerable,  though  all  are  intimately 
connected  by  geological  links.  Thus  Campiglia  is  15  miles  west 
of  Massa,  and  Monte  Catini  about  25  miles  to  the  north  of  both. 
The  coast  railway  from  Leghorn,  open  at  present  to  Follonica  on  the 
way  to  Givit^  Yecchia,  has,  however,  rendered  all  these  places  much 
easier  of  access  than  they  formerly  were.  There  is  a  branch  of  the 
main-line  running  up  the  C6cina  towards  Yolterra  for  the  benefit  of 
the  borax  works  and  the  Monte  Catini  mine.  Close  to  Campiglia  is  a 
much  larger  mass  of  trachytic  rock  than  that  near  Monte  Catini,  but 
no  doubt  answering  the  same  purpose.  Both  at  Campiglia  and  Monte 
Catini,  the  injected  or  erupted  rock    has   brought  up  some  of  the 
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secondary  rock,  but  the  actual  date  of  the  fissure  and  its  filling  np 
must  be  comparatively  modem  in  both  cases.  AU  these  Italian  mines 
differ  in  a  striking  and  eyen  startling  manner  from  those  of  Cornwall 
and  other  parts  of  the  British  Isles.  They  are  quite  as  different  from 
the  copper  mines  of  Grermany  and  Scandinavia.  They  introduce  us  to 
the  phenomenon  of  a  great  accumulation  of  copper  ores  of  the  ordinary 
kind  (copper  pyrites),  in  yeins  in  comparatively  modem  volcanic  rock, 
these  veins  having  been  formed  long  after  the  older  tertiary  rock  had 
become  deposited  and  hardened.  The  cretaceous  rock,  and  even  the 
older  tertiaries  had  been  in  some  cases  elevated  before  the  formation 
of  the  fissures  now  filled  up  with  lava,  and  the  lava  had  cooled  and 
solidified  and  cracked  before  the  copper  made  its  appearance. 

The  mine  of  Monte  Gatini  (della  cava)  is  worked  in  a  very  peculiar 
vein  of  soft  magnesian  rock  (approaching  serpentine  in  its  nature,  but 
much  softer),  occupying  a  dyke  or  fissure  in  the  gahhroj  which  is 
apparently  itself  an  eruptive  rock  originally  forced  through,  over,  and 
amongst  the  upper  cretaceous  limestone  of  Tuscany,  here  called  aJbe^ 
rese,  *  The  alberese  is  a  compact  pale  blue,  or  greyish  blue  limestone, 
hard  and  penetrated  with  numerous  strings  of  calc  spar.  It  occupies 
the  hills  and  neighbouring  high  ground,  but  is  generally  covered  with 
a  soft  marly  roc^  often  containing  gypsum,  and  sometimes  rock  salt. 
The  latter  mineral  is  abundant,  and  is  worked  in  the  Saline  in  the 
valley  of  the  C^cina  adjacent. 

The  alberese  is  a  cretaceous  limestone,  and  the  overlying  soft  marl 
are  tertiary.  It  appears  to  me  that  there  has  been  an  eruption  of 
igneous  rock  throu^  fissures  in  the  alberese  at  a  time  when  the  tertiary 
deposit  was  much  more  extensive  than  it  now  is.  Thrust  up  through 
this  rock,  which  is  locally  squeezed,  contorted,  and  broken,  and  form- 
ing a  dyke  in  the  soft  tertiary  clays  above,  the  nearest  adjacent  clays  are 
converted  into  shales,  whicji  are  hard  and  compact  enough  where  they 
approach  the  igneous  rock.  In  certain  places  the  fiow  of  lava  has  been 
through  two  nearly  adjacent  fissures,  meeting  one  another,  and  leaving 
at  and  near  the  place  of  contact  large  open  spaces.  In  the  course  of 
time  the  softer  earth  on  each  side  of  the,  vein  has  been  washed  away, 
and  there  is  now  left  on  the  flank  of  the  mountain  little  more  than  the 
hardened  and  altered  rock.  This  forms  the  nucleus  of  gabbro^  which 
hero  consists  of  irregular  rounded  lumps  of  hard,  compact  rock,  resem- 
bling greenstone  embedded  in  a  kind  of  soft  porphyritic  mass,  weather- 
ing rapidly  on  exposure,  and  easily  removed  underground.  This 
gabbro  looks  much  like  a  tme  serpentine  (pale  greenish  crystals  in  a 
dark  green  bed),  and  is  evidently  highly  magnesian. 

It  is  in  fissures  closed  towards  tiie  surface,  and  there  presenting 
nothing  but  reddish  clays,  which,  however,  are  easily  distinguished 
from  the  gabbro,  that  we  find  the  only  indications  of  the  rich  lodes,  or 
rather  pockets,  existing  below.     It  is  believed  that  in  former  times 

*  The  name  aJberete  is  given  both  to  the  chalky  limestones  of  the  upper  part 
of  the  cretaceous  series,  and  also  to  the  similar  rocks  of  the  upper  part  of  the 
eocene  tertiaries.  It  expresses  mineral  character.  At  Monte  Catini  the  alberese 
of  the  cretaceous  period  is  thrust  through  the  aXberete  of  the  tertiary  period,  and 
they  are  in  contact 
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Italy,  where  a  complicated  series  of  lavas,  of  yarioas  dates,  penetrating 
cretaceous  and  tertiary  rocks,  is  in  turn  penetrated  by  hot  vapours  and 
currents  of  water.  These  in  one  place  have  left  behind  deposits  of 
copper  ore,  in  another  pure  sulphur,  in  another  lagom  or  pools,  saturated 
with  salts  of  borax,  while  carbonic  add  gas,  nitrogen,  and  sulphuretted 
hydrogen  gases  issue  in  abundance. 

It  is  by  the  help  of  these  gas  and  water  currents,  and  in  the  natural 
course  of  operations  that  belong  to  the  ordinary  conditions  of  things, 
that  the  mineral  veins  of  Monte  Catini  and  the  other  mining  districts 
of  Tuscany  have  been  filled,  and  this  it  is  which  gives  the  subject  a 
special  interest  and  value. 
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CHRONICLES   OF   SCIENCE 


I.  AGEICULTURE. 

Thb  second  qtu^rter  of  1864  commenced  in  the  agricultural  world 
amidst  important  sales  of  home-bred  short-horn  herds  of  cattle,  and  it 
closes  in  the  midst  of  important  agricultural  meetings.  These  are 
matters  rather  of  commercial  than  of  scientific  interest,  and  yet  they 
have  aspects  interesting  to  the  man  of  science.  The  enormous  prices 
realized  for  certain  families  or  strains  of  blood  among  pure  bred  live 
stock  possess  an  interest  apart  from  that  which  they  present  to  the 
crowd  of  enterprising  men  who  are  following  in  the  steps  of  Lord 
Spencer,  or  Lord  Ducie,  Thomas  Bates,  Jonas  Webb,  Colonel 
Towneley.  These  who  have  realized  hundreds  of  pounds  for  indi- 
vidual bulls  and  cows— the  last,  who  obtained  last  March  upwards  of 
7,0002.  for  a  herd  of  56  animals  of  all  ages — have  not  only  illustrated 
the  enterprise  and  wealth  of  English  agriculturists,  a  matter  only  of 
commercial  importance,  but  they  have  proved  the  power  of  the  breeder 
to  create  that  fixity  of  type  in  his  animals,  out  of  which  this  extra- 
ordinary value  has  arisen  ;  and  this  is  a  matter  of  'scientific  interest. 

It  may  be  illustrated  by  the  history  of  what  is  called  the 
*'  Duchess "  tribe  of  short-horns.  More  than  fifty  years  ago,  when 
Charles  Ceiling's  herd  was  sold,  a  young  heifer  named  Duchess  was 
bought  by  Mr.  Thomas  Bates,  of  Eirkleavington.  From  her  was 
descended  this  tribe,  which  are  believed  to  possess  all  the  leading 
merits  of  the  breed  in  an  extraordinary  degree.  In  particular  they 
are  possessed  of  a  remarkably  soft  and  silken  touch— abundant  hair, 
and  other  indications  of  vigour- most  symmetrical  form,  great  and 
equal  width  of  back,  well-arched  ribs,  and  prominence  and  width  of 
bosom.  They  possess,  in  fiict,  great  precocity  of  growth,  and  a  ten- 
dency to  grow  most  and  fastest  in  those  parts  where  the  flesh  is  of  the 
best  quality  for  food.  They  have  the  highest  reputation  also  for  the 
certainty  with  which  their  bulls  hand  down  these  properties  to  their 
offspring ;  and  they  thus  command  the  very  highest  prices  in  the  market. 
This  is  one  of  the  results  of  what  is  called  "  breeding  in  and  in." 
Animals  that  have  inherited  again  and  again,  in  the  course  of  their 
pedigree,  the  qualities  which  relationship  in  blood  has  conferred  in 
common,  possess  those  qualities  much  more  energetically  than  others 
do  in  whom  they  are  observed  for  the  first  time.  A  cross-bred  ram 
may  have  a  very  desirable  coat  upon  his  back,  and  a  very  well  made 
carcase  of  mutton  within  that  coat ;  but  it  is  exactly  a  toss-up  whether 
his  progeny  acquire  the  character  of  his  sire  or  of  his  dam.  If  sire 
and  dam  for  generations  back,  however,  have  exhibited  constancy  and 
uniformity  of  character,  then  that  character  is  certain  to  reappear  in 
their  offspring,  which,  in  his  or  her  turn,  wiU  possess  still  greater 
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power  of  transmitting  good  tondencies  to  the  sacceeding  generation. 
It  is  thus  that  not  only  in  the  "  Duchess  "  blood,  but  in  other  tribes 
descended  from  the  Kirkleavington  herd,  we  have  as  the  result  of  Mr. 
Bates's  resolution,  patience,  skill,  and  constancy,  qualities  which  re- 
appear in  generation  after  generation  of  Eirkleavington  families  of 
the  short-horn  breed,  imtU  the  animal  may  now  be  safely  characterized 
as  good  if  known  to  be  of  Bates's  blood.  Bates's  blood,  or  rather 
Bates's  hraina—ior  it  is  the  mental,  and  in  many  important  particulars, 
the  moral  character  of  the  breeder  which  is  reflected  now  in  so  many 
different  herds — ^is  merely  another  word  for  patient  persistence  in 
breeding  from  animals  of  a  given  type,  in  a  great  measure  disregarding 
the  question  of  relationship,  if  they  possess  the  requisite  health  and 
vigour  of  constitution.  Of  course,  when  evils  of  any  kind  are  inhe- 
rited, such  as  a  tendency  to  disease  or  weakness  of  any  kind,  breeding 
in  and  in  will  intensify  and  hand  that  down  with  as  much  certainty 
as  any  other  quality ;  but  the  natural  law  of  breeding  which  obtains 
amongst  gregarious  animals,  where  the  strongest  sire  is  the  &ther  of 
the  herd  or  flock — to  the  almost  entire  disregard  of  previous  natural 
relationship,  is  a  safe  one  to  follow.  It  is  a  natural  law  of  this  kind 
that  gives  to  particular  herds  and  flocks,  where  they  have  been  long 
under  the  control  of  one  man,  their  uniformity  of  character  from  year  to 
year.  And  it  is  out  of  the  consequent  certainty  which  animals  thus 
bred  transmit  the  quaUties  they  have  inherited,  that  those  extraordinary 
prices  are  commanded  by  them,  which,  while  they  sometimes  startle  the 
commercial  world,  have  thus  an  interest  for  the  man  of  science. 

The  other  topic  of  the  period,  of  chief  agricultural  interest,  is  the 
annual  meetings  of  our  great  national  and  provincial  Agricultural 
Societies.  On  these  occasions,  the  best  animals  of  all  our  breeds  of 
the  domestic  animals  of  the  farm,  and  the  best  machines  known  to 
agriculturists  or  agricultural  engineers,  are  collected,  professedly 
for  the  prizes  offered  by  the  Society,  really  for  the  purpose  of  that 
advertisement,  publicity,  and  distinction,  which  mere  exhibition  before 
a  multitude,  and  especially  the  achievement  of  any  award  of  merit, 
under  such  circumstances  confers. 

Our  national  societies  with  incomes  of  10,000Z.  per  annum,  and  the 
many  local  and  county  societies  with  incomes  of  one  to  three  thousand 
pounds  each,  are  among  the  most  striking  illustrations  we  can  quote 
of  our  agricultural  energy  and  enterprise ;  for  these  sums  are  but  a 
fraction  of  the  expenditure  which  these  annual  shows  occasion,  and 
give  but  a  &int  idea  of  the  commercial  advantages  which  they  offer ; 
and  the  strictly  educational  results  of  these  meetings  in  which  we  are 
here  more  particularly  interested,  can  hardly  be  overrated.  Breeders 
realize  their  own  deficiencies  by  a  comparison  with  the  best  animals 
of  ^e  best  herds  and  flocks ;  and  machine  makers  have  both  their  in- 
ventive faculties  stimulated  and  their  manufacturing  abilities  quick- 
ened and  increased  by  competition  with  each  other,  on  the  same  field 
close  to  one  another,  where  the  prize  of  commercial  merit  is  so  greats 
Above  all,  the  agriculturists  of  a  whole  province  realize  the  pro« 
gross  which  the  best  examples  thus  collected  for  their  inspection  prove 
to  have  been  accomplished. 
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If  we  except  tlie  journals  of  our  agricultnral  societies  by  which 
agricultural  progress  is  brought  directly  under  the  notice  of  readers, 
these  annual  shows  are  the  only  educational  influence  which  these 
societies  exert.  It  has  only  lately  been  brought  under  the  notice  of 
the  Royal  Agricultural  Society  of  England  that  one  of  the  objects  for 
which,  according  to  its  charter,  it  was  incorporated,  is  the  promotion  of 
the  better  education  of  those  who  live  by  the  cultivation  of  the  land ; 
and  that  except  indirectly,  as  by  journals  and  exhibitions,  nothing  what- 
ever has  yet  been  done  by  it  in  discharge  of  its  duty  in  the  matter. 
A  committee  of  inquiry  into  the  subject  is  now  sitting,  which  will,  we 
hope,  result  in  some  more  definite  and  systematic  attempt  than  has  yet 
been  made  to  bring  the  great  influence  and  large  income  of  the  Na- 
tional Society  to  bear  upon  this  subject.  What  seems  to  be  wanted, 
and  what  is  within  the  competency  and  indeed  the  duty  of  the  Society 
to  effect,  is  not  any  such  stimulus  of  general  middle  class  education  as 
our  Universities  and  the  Society  of  Arts  are  presenting  by  their  annual 
examinations  of  students,  nor  any  such  guidance  and  assistance  as  the 
Grovemment  offers  by  its  Inspectors  and  endowments  of  schools ;  but 
help,  both  in  guidance  and  in  stimulant,  to  professional  agricultural 
schools,  and  the  establishment  of  these  in  greater  number  than  they 
now  exist.  The  Royal  Agricultural  College  at  Cirencester  is  indeed, 
we  think,  the  only  one  of  the  kind  in  Great  Britain.  "A  is,  as  we 
believe,  owing  to  a  culpable  neglect  of  the  seventh  object  specified 
in  the  Charter  of  the  Royal  Agricultural  Society  of  England,  as 
among  the  purposes  of  its  incorporation,  that  that  institution  is  not 
in  a  more  flounahing  condition  than  it  now  presents,  and  also  that 
many  of  similar  character  have  not  been  established  in  our  principal 
agricultural  counties. 

There  is  an  able  review  of  recent  agricultural  progress  drawn  up 
by  Mr.  Thompson,  M.P.,  in  the  current  number  of  Ihe  *  Journal  of 
the  Agricultural  Society.'  It  proves  that  the  importation  of  guano 
and  of  bones,  the  manure  manufacture,  the  more  general  application 
of  steam-power  in  agriculture,  and  the  influence  of  the  National  Agri- 
cultural Society,  have  together  added  greatly  to  the  fertility  of  English 
soil.  There  is,  however,  a  singular  exception  to  this  increased  pro- 
duce, which  needs  to  be  more  urgently  pointed  out  to  agriculturists  than 
it  has  yet  been.  The  quantity  of  mutton  sent  to  market  appears  to  be 
hardly  more  now  than  fifteen  or  twenty  years  ago.  The  number  of  sheep 
and  carcases  sent  to  the  London  market  does  not  appear  to  have  mate- 
rially increased  during  that  time.  With  wool  at  the  extraordinary 
price  which  it  has  of  late  commanded — 2«.  to  2^.  6(2.  per  lb. — mutton 
at  a  price  unknown  ten  or  fifteen  years  ago,  and  a  climate  which  over 
most  of  the  island  has  all  along  impressed  observers  with  the  idea 
that  succulent  and  grass  growth,  sheep  food  in  £em^  is  a  much  more 
natural  produce  of  our  soil  than  seeds  and  grain  and  ripened  produce, 
it  seems  impossible  to  doubt  that  our  flocks  and  herds  must  multiply, 
and  our  farm  management  be  more  immediately  directed  to  this  end 
than  it  has  been. 

It  does  not  necessarily  follow  from  this  that  our  grain  produce 
would  be  diminished.     The  increased  manure  derived  from  the  con- 
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samption  of  increased  cattle  food  tends  to  the  increased  fertility  of  our 
arable  lands,  and  in  this  way  corrects  the  effect  which  wonld  follow 
the  apportionment  of  more  acres  to  the  growth  of  grass  and  green 
crops ;  and  it  is  qnite  possible  largely  to  increase  the  growth  of  green 
food  without  diminishing  onr  extent  of  green  crops.  Nowhere  does 
liberal  management  more  certainly  produce  a  greater  growth  than  in 
the  case  of  grass. 

Italian  rye  grass  in  particular  seems  to  yield  a  crop  which  is 
limited  only  by  the  quantity  of  manure  applied,  and  it  is  through 
this  crop,  doubtless,  tibat  the  sewage  of  our  towns  will  yet  yield  to 
that  ''cleanly  manipulation,"  which-  is  to  convert  it  into  milk. 
This  subject  is  again  brought  under  public  notice  by  the  appoint- 
ment of  a  Conunittee  of  the  House  Commons,  to  inquire  into  the 
engineering  dificulties  in  its  way.  What  the  result  will  bo  when 
these  are  overcome,  and  the  liquid  refuse  of  our  towns  is  spread  over 
fields  of  grass  at  some  distance  from  the  population,  is  plain  from  the 
instances  of  Edinburgh,  Bugby,  and  Croydon.  Near  the  latter  town 
we  walked  the  other  day  over  Mr.  Marriage's  feum  of  300  acres,  almost 
wholly  under  sewage  and  Italian  rye  grass,  where  30  to  40  tons  of  grass 
per  acre  are  mown  annually,  and  sold  at  12«.  to  158.  a  ton  on  the 
ground,  and  20s.  to  23«.  a  ton  in  London. 

On  these  particular  departments  of  the  agricultural  field,  and  espe- 
cially on  the  great  question  of  the  national  food  supply,  in  which  they 
all  unite  and  culminate,  there  is  great  lack  of  trustworthy  information, 
and  it  must  be  stated  with  satii^action,  as  strictly  within  the  scope 
of  a  scientific  record,  that  an  additional  attempt  has  just  been  made  by 
Mr.  Caird,  M.P.,  to  urge  on  Gk)vemment  the  duty  of  collecting  the 
agricultural  statistics  of  the  country. 

<<  The  need  of  authoritative  (because  accurate)  published  intelligence 
regai'ding  the  extent  and  prospects  of  our  several  food  crops,  in  the  in- 
terests of  coiisumerH  and  producers  no  less  than  in  that  of  commerce 
generally,  is  becoming  more  and  more  admitted.  The  county  police,  the 
relieving-officers,  and  the  tax-collectors,  have  all  been  suggested  as  the 
agency  By  which  the  information  sought  might  be  most  easily  obtained. 
Mr.  Caird  now  suggests,  as  a  new  agency,  the  engineers  employed  upon  the 
Ordnance  Survey.  He  proposes  not  that  the  whole  country  should  be 
mapped  out  and  allotted,  but  that  certain  characteristic  plots,  typical  of 
the  larger  districts  of  similar  soil  and  climate,  should  be  selected.  He  sup^ 
poses  that  Great  Britain  might  be  divided  into  15  districts,  and  that 
100,000  acres  in  each  district  might  be  taken  as  characteristic  of  it.  These 
100,000  acres  would  be  laid  down  on  the  Ordnance  Map,  and  subjected  to 
an  exhaustive  inquiry.  And  the  1,600,000  acres  thus  investigated  being 
about  one-tenth  of  the  cultivated  land  of  Great  Britain,  would  furnish  the 
acreage  and  yield  of  their  several  crops,  which,  multiplied  by  ten,  would  sup- 
ply us  with  trustworthy  information  of  tiie  gross  agricultural  produce  of 
the  country. 

''  Mr.  Caird  points  out  that  there  have  been  three  objections  hitherto 
urged  to  the  collection  of  agricultural  statistics  : — 

"  I.  The  cost. 

**  II.  The  inquisitorial  character  of  the  inquiry. 
"  III.  The  difficulty  of  obtaining  accurate  returns. 
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**  1.  By  the  plan  now  to  be  submitted,  the  cost  is  not  expected  to  exceed 
3,000^.  a  year — an  amount  which,  compared  with  the  object,  is  not  worth 
a  moment's  conbideration. 

*'  2.  !N  either  the  names  nor  the  boundaries  of  individual  farms  will  be 
known,  and  neither  the  persons  making  the  inquiry,  nor  those  to  whom 
the  results  are  communicated,  can  tell  the  precise  farms  to  which  the  re- 
turns refer.  The  complaint  of  inquisitorial  inquiry  cannot,  therefore, 
arise. 

*'  3.  The  typical  districts  will  be  fixed  quantities— say  100,000  acres 
each — laid  down  on  the  Ordnance  Maps.  Every  acre  within  that  limit 
will  be  exhausted,  so  that  absolute  accuracy  will  be  attained. 

<*  We  believe  that  the  more  this  subject  is  considered  and  discussed  by 
intelligent  agriculturists,  the  readier  will  they  be  to  admit  the  advantage 
which  the  agricultural,  as  well  as  the  commercial  interests  of  the  country, 
must  derive  from  the  information  which  the  prosecution  of  Mr.  Gaird's 
plan  must  furnish." 

Meanwhile  it  is  satisfactory  to  know  that  a  resolution  affirming 
the  importance  and  need  of  a  national  inquiry  into  the  subject  was 
the  other  day  carried  in  the  House  by  Mr.  Caird. 

The  last  subject  to  which  we  refer  in  our  Agricultural  Ghronicle 
of  the  past  quarter  is  the  condition  of  rural  cottages.  Under  the 
general  question  of  the  dwelling  of  the  labouring  class,,  this  was 
lately  made  the  subject  of  a  conference  before  the  Society  of  Arts, 
when  a  number  of  influential  men  united  to  consult  on  a  remedy  for 
the  glaring  evils  which  imperfect  house  accommodation  inflicts.  It  was 
resolved,  that  much  of  the  existing  mischief  is  due  to  the  Law  of  Set- 
tlement and  the  limited  area  of  the  Poor  Law  rating ;  that  the  tenure 
of  property  and  the  legal  difficulties  in  obtaining  sites  are  much  in 
the  way  ;  but  that — 

'*  By  proper  attention  to  economy,  by  building  to  the  extent  only  re- 
quired by  each  district,  and  by  the  utmost  care  in  avoiding  unnecessary 
outlay  in  preliminai]y  excuses,  proper  dwellings  for  the  labouriug  classes 
can  be  provided  which  will  realize  in  towns  a  fair  dividend  on  the  capital 
expended ;  and  that  although  in  rural  districts,  commonly  speaking,  the 
pecuniary  return  for  capital  invested  in  labourers'  dwellings,  considering 
the  rate  of  their  wages  and  their  general  circumstances,  and  the  cost  of  re- 
pairs, can  only  be  moderate,  yet  it  may  be  regarded  as  satisfactory,  when 
the  consequent  improvement  of  the  chajracter  of  the  occupants,  their  com- 
fort, their  health,  and  the  additional  value  of  their  labour  are  taken  into 
account.** 

The  chairman  of  the  conference  urged  that,  in  the  various  Land  Im- 
provement Acts  and  in  the  Government  Drainage  Acts,  there  is  ample 
precedent  for  Government  loans,  at  a  low  rate  of  interest,  for  the  express 
purpose  of  cottage  improvement.  And  Mr.  Akroyd,  of  Halifax,  de- 
scribed the  way  in  which,  with  the  aid  of  building  societies,  no  less  a^ 
sum  than  1,200,000/.  had  been  spent  in  three  towns  of  the  West 
Biding,  chiefly  by  the  working  men  themselves,  in  the  erection  of 
good  cottages,  now  or  fast  becoming  the  property  of  their  tenants. 

In  agricultural  districts  where  low  wages  interfere  with  the  possi- 
bility of  the  laboiurer  thus  helping  himself,  there  are  especial  facilities 
in  the  way  of  the  landlord. 

VOL.  L  2  H 
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'*  The  difference  between  the  field  and  the  garden-yalue  of  land  is,  in 
fact,  the  cottage*buildiug  landlord's  great  resource  and  help.  Ten  acres  of 
land  divided  into  large  gardens  for  a  hamlet  of  20  or  two-dozen  new  cot* 
tages  may  be  worth  but  16L  per  annum  to  the  farmers ;  they  are,  howoTer, 
worth  from  602.  to  HOL  per  annum  to  the  tenants  of  the  cottages.  And 
the  difference  between  those  two  sums  represents  a  capital  sum  of  9001.  to 
1,3002.,  which  is  a  contribution  of  302.  to  40/.  per  cotte^e  towards  the  cost 
of  their  erection.  Add  to  this  the  interest  of  the  tenant-farmer  in  having 
labourers  near  their  work,  which  should  make  him  willing  to  bear  his  share 
of  the  annual  cost  of  cottages  upon  the  farm  ;  and  it  appears  to  us  that  in 
country  districts  there  is  Uttle  real  difficulty  in  the  way  of  those  owners 
of  land  who  may  lament  the  insufficiency  of  cottage  accommodation  on 
their  land. 

*'  The  man-engine  in  the  Cornish  mine,  by  which  half-an-hour  suffices 
to  take  the  miner  to  and  from  his  work,  in  place  of  the  hour  or  two  at 
either  end  of  the  day  wasted  in  climbing  up  and  down  the  ladders,  has 
added  a  full  third  to  the  efficiency  of  his  labour.  A  cottage  on  the  farm 
compared  with  one  in  the  village  three  miles  off,  is  hke  a  man-engine  in 
contrast  with  the  ladders.  A  labourer  fresh  to  his  task  can  accomplish  it 
more  satisfactorily  than  one  who  does  an  hour's  work  before  beginning  it. 
And  the  tenant-farmer  on  this  ground  may  well  be  expected  to  bear  his 
share  in  the  burden  of  supplying  the  cottajges  by  whicn  the  value  of  his 
labourers  is  so  much  increased  to  him,  and  the  profitableness  of  his  farm 
is  increased/* 

The  plan  adopted  at  Dambleton  by  Mr.  Holland,  M.P.,  takes 
account  of  both  of  these  considerations.  A  rent  of  6/.  pays  a  suffi- 
cient interest  for  the  capital  invested  in  the  cottage.  Of  this,  the 
cottager  pays  82.  for  the  house  and  12.  for  the  large  garden;  the 
femner  pays  1/.  in  consideration  of  the  increased  value  of  the  man's 
labour ;  and  the  landlord  pays  12.,  or  rather  cancels  12.,  because  of  the 
increased  value  which  the  estate  possesses,  or  will  possess,  in  the 
existence  of  a  well-conditioned  labouring  population. 


IL  ASTEONOMT. 

{Including  the  Proceedings  of  the  Boycd  Asironomical  Society,) 

The  progress  of  Astronomy  during  the  past  few  months  has  not  been 
characterized  by  such  marked  advances  as  those  which  will  make  the 
previous  session  long  memorable  in  the  annals  of  this  science. 

In  Sidereal  astronomy,  while  Eruger  had  found  measurable  paral- 
laxes for  two  or  three  additional  stars,  the  unwearied  Goldschmidt 
was  successfully  engaged  on  the  system  of  Siriua,  and  had  been 
rewarded  with  the  discovery  of  some  other  minute  companions.  In 
the  solar  system  the  advances  in  our  knowledge  were  still  more  im- 
portant. The  necessity  for  a  considerable  augmentation  of  the  sun's 
parallax  had  been  established  by  so  many  different  investigations,  that 
it  scarcely  admits  of  further  controversy,  and  there  is  little  doubt  that 
the  correct  value  is  now  known  within  a  very  few  hundredths  of  a 
second.    The  distance  of  Mars  had  been  measared  and  delineated  at 
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the  last  opposition  with  an  aocnracy  never  before  attempted.  Mr. 
De  la  Bne,  far  £rom  being  content  with  the  admirable  reeults  which 
he  had  obtained  in  celestial  photography,  had  made  additional  and 
Buccessful  efforts  for  its  further  improvement.  And,  flnaUy,  the  sur- 
face of  the  sun  had  been  the  subject  of  study  to  various  astronomers, 
best  fitted  by  their  intelligence,  their  sharp-sightedness,  and  their 
command  of  appropriate  apparatus,  to  extend  our  knowledge  of  this 
marvellous  body.  Nor  are  the  diffiBrent  Observatories,  both  public  and 
private,  to  be  passed  over  in  this  brief  review.  At  Greenwich  the 
great  Equatorial  was  employed  during  the  past  year  in  observations  of 
the  fixed  lines  of  the  stellar  spectra,  and  recently  the  prism  apparatus 
has  been  provisionally  altered,  so  that,  instead  of  producing  astigmatic 
breadth  of  the  spectrum  by  the  unequal  refractions  of  a  conical  pencil 
at  the  two  sides  of  the  prism,  a  pencil  of  rays  made  parallel  by  a 
lens  traverses  the  prism,  and,  a^r  being  made  convergent  by  a 
second  lens,  is  made  astigmatic  by  a  cylindrical  lens.  The  defini- 
tion of  lines  appears  to  be  improved,  and  the  facility  of  measuring 
them  increased.  The  same  equatonal  has  also  been  used  in  ob- 
servations of  the  Nebula  of  Orion,  with  results  which  show  that  the 
older  drawing  printed  by  Sir  J.  Herschel  in  the  Bestdts  of  the  Cape 
Observations,  1847,  is  a  more  accurate  representation  of  the  appear- 
ance now  presented  by  the  Nebula,  than  the  more  recent  drawing  by 
Professor  G.  P.  Bond.  It  is  the  opinion  of  the  observers  that  Sir 
John  Herschel's  drawing  represents  as  accurately  as  perhaps  any 
drawing  can,  the  appearances  presented  about  the  so-called  jaws. 
According  to  this,  tiiere  appears  to  be  no  valid  reason  for  the  suppo- 
sition that  the  Nebula  of  Orion  has  been  slowly  altering  its  character 
of  late  years.  At  the  Boyal  Observatory,  Edinburgh,  where  time-sig- 
nalling is  one  of  the  specialities,  some  important  extensions  have  be^ 
made,  and  there  were  at  the  beginning  of  this  session  no  less  than 
seven  separate  time-gun  signals  fired  in  different  cities  in  England 
and  Scotland  directly  from  the  Eoyal  Observatory,  Edinburgh,  whilst 
five  more  cities  were  in  pretty  active  preparation.  For  short  lines  the 
system  of  explosion,  based  on  the  use  of  Professor  Wheatstone's  mag- 
neto-exploder and  Mr.  AbeFs  fuse,  was  found  to  answer  perfectly,  and 
it  was  also  frequently  successful  between  Edinburgh  and  Newcastle,  a 
distance  of  120  miles ;  but  when  the  insulation  was  bad,  by  reason  of  fogp, 
the  high  intensity  of  the  magnetic  currents  caused  their  loss  and  dissi- 
pation before  reaching  their  destioation.  Hence  a  system  was  devised 
by  which  a  current  of  electricity  of  low  intensity  was  despatched 
along  the  line ;  and  this,  on  reaching  the  town  where  the  time-gun 
was  placed,  automatically  liberated  a  current  of  magneto-electricity, 
which  then  passed  along  a  covered  wire  for  the  short  distance  up  to 
the  time-gun.  In  the  twelfth  volume  of  printed  Astronomical  Obser- 
vations lately  issued  from  this  Observatory,  an  addition  of  an  unusual 
character  is  worthy  of  notice,  namely,  four  plates  photographic  and 
one  photoglyphic ;  the  latter  especially  prepared  for  the  occasion  by 
Mr.  Fox  Talbot,  the  inventor  both  of  photography  and  photoglyphy. 
The  scientific  reason  for  the  introduction  of  these  plates,  whidb  are 
highly  magnified  portions  of  some  of  the  Teneriffe  photographs  of 
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1856,  is  the  remai'kable  testimony  which  they  bear  to  the  traoBparency 
of  the  atmosphere,  and  its  suitability  to  telescopic  observation  at  great 
heights  above  the  sea  level.  At  the  Radcliffe  Observatory  Mr.  Main 
has  been  rigorously  continuing  observations  of  double  stars  with  the 
heliometer.  Most  of  these  stars  had  been  previously  examined  bj 
Struve,  the  components  being  of  nearly  equal  magnitudes,  varying  from 
about  the  sixth  to  the  ninth ;  and  Struve  concluded  that  there  was  very 
great  probability  that  the  larger  number,  if  not  the  whole  of  them, 
were  phyncaUy  and  not  optically  connected.  The  results  of  the  Oxford 
observations,  thus  far,  do  not  confirm  this  idea,  as  in  the  interval  of 
more  than  thirty  years  which  have  elapsed  since  Struve's  observations, 
out  of  190  systems  examined,  very  few  of  the  components  exhibit  any 
considerable  motions  in  distance  or  position  angle.  At  Cambridge, 
the  regular  work  of  an  Observatory  has  been  assiduously  performed, 
and  time  has  also  been  found  for  the  ever-varying  observations  which 
special  or  seldom  recurring  phenomena  demand,  such  as  cometary 
observations,  &c. ;  although  from  the  absence  of  a  first  assistant.  Pro- 
fessor Adams  feels  that  the  work  of  the  Observatory  during  the  past 
year  has  been  seriously  crippled.  At  the  Liverpool  Observatory, 
owing  to  local  considerations,  meteorology  very  properly  claims 
the  chief  attention.  Their  new  and  most  ingenious  self-regis- 
tering barometer  has  been  in  operation  for  about  twelve  montiis ; 
.the  sheets  on  which  the  record  is  obtained  are  removed  fr^m  the 
cylinder  every  morning  at  9  a.m.,  and  a  tracing  from  the  original, 
for  the  previous  24  hours,  is  forwarded  daily  at  10  a.m.  to  the 
Underwriters'  Booms,  together  with  an  account  of  the  force  and 
direction  of  the  wind,  the  fall  of  rain,  &c.  The  rating  of  ships' 
chronometers,  always  an  important  branch  of  the  work  of  a  sea-port 
^Observatory,  has  here  largely  increased  during  the  last  year,  and  con- 
siderable alterations  have  been  made  in  the  method  of  giving  the 
errors  and  rates.  During  the  winter  months  each  chronometer  is 
exposed  for  a  week  to  the  temperature  50°,  65%  and  80**,  alternately ; 
find  for  whatever  time  the  chronometer  may  be  at  the  Observatory,  ^e 
error  is  given  at  the  end  of  each  seven  days,  together  with  the  mean 
4rate  and  extreme  difference  of  rate  between  any  two  days  for  each 
week.  The  latter.  Mi*.  Hartnup  thinks,  shows  the  quality  of  a  chrono- 
meter better  than  any  other  method  he  has  been  able  to  devise.  At 
Mr.  De  la  Rue's  Observatory,  Cranford,  devoted  almost  exclusively 
to  astronomical  photography,  observations  have  been  made  with 
silvered  glass  mirrors,  as  a  less  expensive  and  more  reflective  substi- 
tute for  the  speculum  metal  mirrors,  and  there  is  every  reason  to 
believe  that  the  time  of  exposure  of  the  sensitive  plate  will,  by  this 
means,  be  shortened.  Mr.  De  la  Rue  has  continued  his  experiments 
in  enlarging  his  lunar  negative  to  the  dimensions  of  Beer  and 
Madler's  map  (38  inches),  and  has  obtained  results  far  ^mrpassing 
those  previously  recorded.  The  Ely  and  Eew  Observatories  have 
been,  during  the  past  year,  principally  devoted  to  solar  photography ; 
a  large  number  of  solar  autographs  have  been  taken,  and,  by  a  com- 
parison of  the  pictures  taken  simultaneously  at  each  Observatory,  it 
is  anticipated  that  much  information  will  be  gained  on  the  obscure 
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subject  of  solar  spots.  At  Ely,  a  large  re&actor  of  6  inches  apertoi-c 
has  been  got  into  working  order,  and  we  may  soon  expect  to  hear 
that  Mr.  Titterton  has  succeeded  in  obtaining,  by  its  means,  solar 
autographs  of  6  inches  diameter. 

The  discussion  on  the  phenomena  in  the  solar  envelopes,  com- 
menced by  Mr.  Nasmyth,  is  still  occupying  great  attention.  A 
question  has  arisen  whether  the  general  appearance  of  the  photo- 
sphere is  that  of  a  flocculent  precipitate,  as  suggested  b^  Sir  John 
Herschel,  and  assented  to  by  Dr.  Dawes,  or  whether  it  more  nearly 
resembles  a  willow-leaved  crystalline  precipitate  of  detached  particles, 
as  originally  described  by  Mr.  Nasmyth  and  confirmed  by  Mr.  De  la 
Eae  and  Mr.  Pritchard ;  and  more  lately  Mr.  Stone,  with  the  large 
Greenwich  refractor,  has  confirmed  the  existence  of  these  strange 
entities,  which  to  him  appear  like  grains  of  rice.  Although  indi- 
vidual observers  may  therefore  differ  among  themselves  as  to  the 
exact  shape  of  these  particles,  there  appears  to  be  no  doubt  that  the 
sun's  photosphere  is  covered  with  solid  bodies,  the  immediate  origin 
of  the  solar  light,  somewhat  uniform  in  size  and  shape,  the  smallest 
of  them  having  an  area  exceeding  that  of  the  British  Isles  I 

Magnus  *  has  lately  recorded  an  experiment  which,  whilst  it  sup- 
ports the  lately  propounded  theory  of  Eorchhoff,  on  the  constitution  of 
the  sun,  in  a  striking  manner,  also  appears  to  be  quite  concordant  with 
the  "  willow-leaf  '*  discoveries.  It  is  well  known  l^t  when  a  non-lumi- 
nous gas-flame  has  a  sodium  compound  introduced  into  it,  the  whole 
flame  becomes  brilliantly  luminous  with  yellow  light.  Similarly,  if 
lithium,  strontium,  or  otJier  metallic  compounds  are  introduced  into 
the  flame,  brilliant  light  of  other  colours  is  evolved.  Now,  Magnus  has 
shown  that  the  radiation  of  heat  is  also  increased  when  these  metallic 
vapours  arc  rendered  incandescent  in  the  flame.  The  experiment 
was  so  arranged  that  a  fixed  spot  in  the  soda  flame  was  always  com- 
pared with  tibe  same  spot  in  the  non-luminous  flame,  and  care  was 
also  taken  that  the  heat  from  the  solid  soda  introduced  into  the  flame, 
or  from  the  platinum-wire  which  held  it,  could  not  radiate  against 
the  thermo-pile  which  served  for  the  observation.  The  luminous 
flame  radiated  about  a  third  more  heat  than  when  it  was  non- 
luminous.  When,  instead  of  soda  vapour,  a  solid  body,  such  as 
platinum,  was  brought  into  the  portion  of  the  flame  experimented 
upon,  a  still  greater  radiation  of  heat  occurred,  and  when  the  plate 
was  covered  with  carbonate  of  soda  the  radiation  increased  afresh, 
and  by  keeping  the  flame  likewise  luminous  with  soda  vapour  the 
radiation  of  heat  was  increased  three-fold.  These  experiments  show 
that  gaseous  bodies  radiate  very  much  less  heat  than  solids  or  liquids ; 
it  can  therefore  hardly  be  maintained  that  a  gaseous  or  vaporous 
photosphere  is  the  seat  of  the  solar  heat.  The  luminous-  and  heat- 
radiating  particles  in  the  yellow  gas  flame  are  therefore  probably 
single  tom-off  particles  of  solid  (or  liquid)  matter  incandescent  in  the 
flame,  and,  comparing  great  things  with  small,  they  may  be  regarded 
as  the  counterparts  of  the  willow-leaf  particles  in  the  solar  envelope. 

*  •  Poggendoi-Ts  Annaleu,'  No.  3,  1864  ;  and  *  Phil.  Mag.,'  3Iay.  1864. 
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Furthermore,  it  was  shown  *  some  years  ago  that,  by  holding  one 
soda  flame  in  front  of  another,  the  enter  envelope  of  the  front  flame 
acted  as  an  opaque  screen  to  the  brilliant  yellow  light  radiating  from 
the  flame  behind  it ;  and  that  if  this  opaque  part  of  the  flame  were  intro- 
duced into  the  path  of  the  light  in  a  spectroscope,  it  would  carve  out 
of  the  most  luminous  portion  Fraiinhofer  s  double  black  line  D. 
Furthermore,  if  other  metallic  particles  were  allowed  to  colour  the  flame 
{e,g,  lithium,  thallium,  &c.)  they  would  likewise  act  as  opaque  screens 
to  rays  of  tight  of  their  own  refrangibility,  and  would  produce  black 
lines,  the  exact  counterparts  of  Fraiinhofer's  lines,  in  the  solar  spec- 
trum. Now  the  portion  of  the  flame  possessing  this  great  absorptive 
power  is,  upon  examination,  found  to  be  a  very  funtly  luminous 
exterior  envelope,  quite  outside  the  luminous  portion  of  the  flame. 
Applying  these  facts  to  our  theory  of  the  solar  envelopes,  they  fall 
into  their  places  very  naturally.  The  willow-leaves  are  the  repre- 
sentatives of  the  atoms  of  incandescent  metallic  particles  existing  in 
our  gas  flame,  whilst  the  highly-absorbent  non-luminous  outer  enve- 
lope of  the  flame  will  represent  the  envelope  of  vapour  which,  on  the 
sun's  surface,  is  the  cause  of  the  phenomena  of  Fraimhofer*s  lines. 

At  one  of  the  recent  meetings  of  the  Literary  and  Philosophical 
Society  of  Manchester,  Mr.  Baxendell  brought  forward  an  hypotiiesis, 
based  upon  an  investigation  of  magnetical  and  meteorologies  pheno- 
mena, which  confirms,  in  an  unexpected  manner,  one  of  the  most 
recent  conclusions  in  theoretical  astronomy.  The  results  of  the 
elaborate  investigations  of  the  motions  of  die  planet  Mercury,  made 
by  M.  Leverrier,  led  that  mathematician  to  attribute  a  certain  unex- 
plained excess  in  the  motion  of  its  perihelion  to  the  action  of  a  dis- 
turbing body  circulating  round  the  sun  within  the  orbit  of  Mercury ; 
and  from  a  discussion  of  the  probable  mass  of  the  disturbing  body, 
he  concluded  that  it  could  not  be  concentrated  in  a  single  planet,  but 
that  it  consisted  of  a  ring  of  small  bodies,  similar  to  that  which  is 
known  to  exist  between  the  orbits  of  Mars  and  Jupiter.  This  ring, 
however,  owing  to  its  proximity  to  the  Sun,  may  never  be  seen,  and 
like  the  dark  companions  of  Procyon  and  Sirius,  it  may  only  be 
known  to  us  through  its  action  on  the  other  bodies  of  the  system,  of 
which  it  forms  a  part.  An  elaborate  discussion  of  meteorological 
and  magnetic  phenomena  has  now  led  Mr.  Baxendell  to  the  sup- 
positions— 

1.  That  a  ring  of  nebulous  matter  circulates  round  the  sun  in  a 
plane  nearly  coincident  with  that  of  the  ecliptic — the  density  of  this 
ring  differing  in  different  parts. 

2.  That  the  attractive  force  of  the  sun  on  the  ring  varies  inversely 
as  the  solar  spots,  being  greatest  when  these  are  fewest,  and  least 
when  the  spots  are  most  numerous. 

3.  The  attractive  force  being  variable,  the  dimensions  of  the  ring 
and  its  period  of  revolution  round  the  sun  will  also  vary,  their 
maxima  and  minima  occurring  respectively  at  the  times  of  maximum 

•  "  Crookes  on  the  Opacity  of  the  Soda  Flame  to  Light  of  its  own  Colour/' 
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and  Tnim'miim  solar  spot  frequency.  By  means  of  these  hypotheses, 
our  author  explains  many  of  the  phenomena  of  the  solar  spots,  the 
magnetic  variations,  the  alterations  of  terrestrial  temperature,  and  the 
changes  in  the  direction  of  the  wind.  He  has  calculated  that  the 
greatest  and  least  values  of  the  sidereal  period  of  revolution  of  the 
ring  will  be  2912  and  22*08  days  respectively.  From  these  numbers 
we  find  that  the  greatest  distance  of  the  ring  from  the  sun  is  0'185, 
the  radius  of  the  earth's  orbit  being  taken  as  unity ;  the  least  distance 
0-154,  and  the  mean  0'1G9.  Taking  Mr.  Hind's  value  of  the  mean 
distance  of  the  earth  from  the  sun,  namely,  91,328,600  miles,  we 
have — 

Greatest  distance  of  the  ring=  16,921,000  miles ; 
Least  „  „  =14,068,000      „ 

Mean  „  „  =15,494,500      „ 

and  the  range  of  movement  to  and  fro,  in  a  radial  direction, 
=  2,853,000  miles.  The  greatest  attractive  force  of  the  sun  on  the 
ring  being  taken  as  unity,  the  least  will  be  0-691.  Should  future 
researches  pla(3e  the  existence  of  this  ring  beyond  doubt,  this  will,  it 
is  believed,  be  the  first  instance  in  which  the  conclusions  of  physical 
astronomy  have  been  confirmed  by  the  results  of  an  investigation  of 
magnetical  and  meteorological  phenomena. 

M.  Faye  *  has  given  an  account  of  a  new  method  proposed  by 
M.  De  Littrow,  for  determining  the  time  and  the  longitude  at  sea. 
The  method  consists  in  the  determination  of  the  time  by  two  circum- 
meridional  observations  of  the  sun,  preserving  at  the  same  time 
the  observation  of  the  true  noon  for  the  latitude.  The  two  altitudes 
may  be  taken  at  pleasure,  on  the  same  side,  or  on  opposite  sides  of 
the  meridian ;  the  interval  of  time  is  arbitrary,  varying  according  to 
the  circumstances,  from  5  to  30  or  40  minutes  ;  and  as  the  calculation 
takes  only  five  minutes,  the  navigator  may  in  half-an-hour  take  his 
observations,  and  effect  all  the  calculations  necessary  for  finding  at 
once  the  longitude  and  the  latitude.  The  new  process  depends  on  the 
fact  that  when,  as  at  sea,  a  scrupulous  accuracy  is  not  required, 
the  circummeridional  altitudes  of  the  sun  may  be  used  for  deter- 
mining the  time.  The  method  was  tried  on  the  voyage  of  circum- 
navigation of  the  Austrian  fnggte,  the  '  Novara,'  and  the  results  were 
generally  correct,  within  a  probable  error  of  one  or  two  naulncal  miles. 
This  method  might  be  equally  useful  on  terra  firmd  as  at  sea ;  for 
travellers,  as  well  as  for  sailors,  it  would  be  useful  to  have  a  convenient 
method  of  determining  daily  their  latitude  and  longitude,  by  observa- 
tions concentrated  at  a  single  epoch  of  the  day — about  noon. 


Thb  Eotal  Abtbonomioal  Soodstt. 

In  the  *  Proceedings,  of  the  Boyal  Astronomical  Society/  for 
March,  Mr.  Dunkin  has  given  an  interesting  note  on  the  number  of 
luminous  particles  contained  within  a  confined  space  on  the  sun's 
disc.     The  power  used  was  about  100,  and  a  system  of  wires  in  the 

*  •  Comptes  Rendu£«*  March  7.  1864. 
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eye-piece  of  the  telescope  divided  the  centre  of  the  field  into  nearly 
square  spaces,  the  angular  distance  between  the  wires  being  56"  in  a 
vertical  direction,  and  48''  in  a  horizontal  direction.  The  number  of 
particles  enclosed  at  one  time  within  these  spaces  was  estimated  to  be 
about  300,  say  about  twenty  in  one  direction,  and  fifteen  in  the  other, 
and  scattered  equally  about.  As  a  deduction  from  these  observf>tions, 
Mr.  Dunkin  considers  that  the  average  length  of  these  particles  is 
about  2",  though  there  are  some  larger  and  many  smaller.  This 
observation  was  made  on  March  10th,  but  on  repeating  the  examina- 
tion on  March  16th,  the  luminous  particles  appeared  more  thinly 
scattered,  the  number  estimated  to  be  contained  in  the  nearly  square 
spaces  being  about  200 

At  the  April  meeting  of  the  Boyal  Astronomical  Society,  the 
willow-leaved  structure  of  the  sun's  photosphere  was  again  brought 
forward,  the  Bev.  W.  B.  Dawes  afiBrming  that  the  most  recent  obser- 
vations had  merely  landed  the  different  observers  where  he  was  six- 
teen years  ago.  In  the  beginning  of  the  year  1848  Mr.  Dawes,  upon 
examining  the  disc  of  the  sun  by  means  of  a  transparent  diagonal 
on  Sir  John  Herschel's  principle  (power  66,  aperture  dj-  in.),  observed 
bright  particles  scattered  ahnost  all  over  the  sun,  which  he  then  com- 
pared- with  two  excessively  minute  fragments  of  porcelain.  Four 
years  afterwards,  assisted  by  his  new  solar  eye-piece,  Mr.  Dawes 
arrived  at  the  conviction  that  these  brilliant  objects  were  not  distinct 
entities,  but  were  merely  different  conditions  of  the  surface  of  the  com- 
paratively large  luminous  clouds  themselves — ridges,  waves,  hills,  dis- 
tinguishable brightnesses — parts  of  the  same  luminous  clouds  which 
happen  to  be  brighter  than  the  other  parts.  These  statements  gave  rise 
to  an  animated  discussion.  Mr.  Pritchard  suggested  that  Mr.  Dawes 
might  possibly  have  been  impeded  in  the  correctness  of  his  obser- 
vations, owing  to  the  very  minute  apei-ture  of  his  solar  eye-piece ; 
difi&action  being  likely  to  come  into  play  to  an  inconvenient  extent. 
Mr.  Huggins  thought  that  when  a  high  magnifying  power  was  used,  the 
rice,  or  willow-leaved  particles  lost  the  uniform  appearance  which  they 
have  with  a  low  power.  At  the  same  meeting  a  communication  from 
Mr.  Nasmyth  was  read,  in  which  he  gives  four  different  forms  of 
objects  as  he  observed  them.  First,  he  draws  the  willow-leaves, 
No.  1 ;  No.  2  is  shorter,  and  a  little  wider ;  No.  3  is  ehorter  still, 
and  a  little  wider  still ;  and  No.  4  is  exactly  of  the  rice-grain  pattern. 
No.  1  is  the  type  of  those  forming  the  details  of  the  penumbral  strata ; 
No.  2  is  that  which  forms  the  details  of  bridges ;  No.  3  is  the  form 
which  constitutes  the  other  parts  of  the  bridges  in  the  margin  of  the 
photosphere.  Both  3  and  4  may  be  said  to  be  a  type  of  those  that 
may  be  seen  over  the  entire  surface  of  the  photosphere. 

Betuming  from  the  subject  of  willow-leaves  to  the  other  astro- 
nomical advancements  during  the  past  few  months,  we  must  not  omit 
to  mention  the  list  of  new  double  stars  discovered  by  the  Bev.  W.  B. 
Dawes.  He  gives  a  list  of  fifteen,  and  accompanies  them  by  desig- 
nation, full  measurements,  and  remarks.  Some,  perhaps  most  of 
these,  are  only  optically  double,  yet  the  example  of  that  highly 
interesting  binary  couple,  ^  Cygni,  may  encourage  the  hope  that  other 
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fiimilar  ixMstanoeB  may  be  discoveied.  Mr.  Dawes'  No.  1  (p.  xx.  177) 
was  discovered  in  1840,  and  occasional  examination  up  to  the  present 
time  has  failed  to  show  any  perceptible  change  either  in  angle  or 
distance.  There  would,  therefore,  appear  to  be  no  physical  con- 
nection between  the  two,  although,  from  the  fact  of  one  of  its  com- 
ponents having  been  examined  by  Stmve,  at  Dorpat,  and  again  by 
Maedler,  without  any  notice  of  its  being  double,  it  seems  almost 
necessary  to  conclude  that  it  must  have  come  out  rapidly  between 
1832  and  1840.  No.  5,  ij  Orionia^  is  undoubtedly  binaiy;  it  was 
regarded  by  Strove  as  single  in  1826,  and  the  distance  has  certainly 
increased  during  the  last  ten  years,  while  the  angles  remain  very 
nearly  stationary.  No.  8,  L  2362,  is  an  easy  double  star,  but  having 
been  overlooked  at  Dorpat,  and  again  at  Poulkova,  there  is  great 
probability  of  its  turning  out  to  be  binary. 

The  recently  discovered  companion  of  Sirius  has  attracted  some 
attention,  both  from  the  Bev.  W.  B.  Dawes  and  from  Mr.  Lassell. 
The  former  observer  has  obtained  distinct  views  of  this  object  on  two 
occasions,  and  obtained  a  measure  of  position  with  the  paj^el  thick 
wires  of  the  filar  micrometer  =  84*^*86.  The  distance  measure  was 
estimated  to  be  about  10".  Mr.  Lassell  has  given  five  position 
measures,  and  six  distance  measures,  each  being  the  mean  of  six,  the 
mean  result  being,  position  =79°*55,  distance  '=10'''12. 

Mr.  Dunkin  has  made  some  remarks  urging  upon  travellers  to 
record,  in  their  detenninations  of  latitudes  and  longitudes  by  the 
sextant,  not  only  the  astronomical  part  of  the  observations  of  meridian 
altitudes,  local  time,  or  lunar  distances,  but  the  readings  of  the  baro- 
meter and  thermometer,  at  least  once  during  each  series  of  observa- 
tions. The  effect  of  this  omission  being  to  render  it  impossible  to 
deduct  the  proper  correction  for  refraction  in  computing  the  geo- 
graphical position  of  the  place.  As  an  illustration,  he  gives  the 
longitude  of  Eaze,  computed  fr^m  Captain  Speke's  sextant  observations 
on  Feb.  28,  1861.  When  corrected  for  refraction  and  parallax  the 
longitude  was  SS""  1'  0''  E. ;  and  when  uncorrected,  SS""  17'  0''— making 
a  difference  of  16'  0". 

Two  early  observations  of  Uranus,  by  Bradley,  which  were  brought, 
by  Mr.  Breen,  before  the  March  meeting  of  the  Astronomical  Society, 
are  interesting.  The  first  was  on  October  21,  1748,  when  it  was  ob- 
served as  a  star  of  the  sixth  magnitude,  by  the  transit  instrument ; 
and  the  second  on  September  13,  1750,  by  the  quadrant.  The  right 
ascensions  are  very  accurate. 

Some  observations  of  comet  YL,  1863,  which  was  discovered  by 
Professor  Bespighi,  have  led  Dr.  Weisse  to  remark  that  its  path 
closely  resembles  that  of  1810,  giving  a  period  of  53}  years,  in  which 
case,  reckoning  back  six  revolutions,  it  would  probably  be  identical 
with  the  comet  of  1490,  their  paths  having  some  resemblance.  But 
Dr.  Michez  gives  a  set  of  elements,  from  several  observations,  in 
January  and  February  last,  which  are  better  satisfied  by  an  elliptic 
orbit,  with  a  period  of  about  108|  years.  The  identity  of  the  comet 
with  that  of  1810  is  thus  doubtful. 

A  set  of  elements  for  the  minor  planet  (^  Euxynome,  has  been 
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calculated  by  Mr.  W.  A.  Boyers,  from  the  Washington  observations. 
They  are  fully  giyen  in  the  '  Monthly  Notices,  B.  A.  S.,'  voL  zxlv. 
p.  126. 

From  some  calculations  communicated  by  Herr  Theodor  Oppelzer 
to  the  Astronomer-Boyal,  and  published  in  the  '  Monthly  Notices '  of 
the  B.  A.  S.,  for  April  of  this  year,  it  appears  that  the  identity  of 
D' Arrest's  and  Pogson's  planets  can  no  longer  be  doubted.  From 
the  observations  ta^en  at  Copenhagen,  Berlin,  and  by  Pogson  himself, 
Herr  Oppelzer  has  calculated  a  small  Ephemeris.     Astronomers  will 

therefore,  in  future,  regard  (yj)  I^eia  =  wO)  Sappho, 


in.  BOTANY  AND  VEGETABLE  PHYSIOLOGY. 

M.  Gttis  has  made  recently  some  experiments  on  the  contents  of  the 
vessels  of  plants.  He  uses  a  liquid  called  the  liquor  of  Fehling,  which 
is  usually  employed  for  the  detection  of  glucose.  It  consists  of  sul- 
phate of  copper,  soda-lee  (solution  of  caustic  soda),  tartrate  of  soda 
and  potassa,  and  water,  in  definite  proportions,  and  it  preserves  its 
limpid  character  when  in  a  state  of  ebullition.  When  you  add  to  it 
in  a  boiling  state  a  very  small  quantity  of  glucose,  there  is  produced 
a  red  precipitate. of  oxide  of  copper,  which,  when  examined  under  the 
microscope,  is  seen  to  consist  of  very  minute  particles  coloured  deep 
brown  or  almost  black.  If  in  place  of  glucose  some  drops  of  sap  are 
allowed  to  fall  into  the  liquid,  you  obtain  the  same  red  precipitate  of 
oxide  of  copper.  If  you  immerse  in  the  liquid  for  some  time  thick 
pieces  of  the  wood  of  the  Chestnut,  Beech,  Poplar,  or  Cytisus,  in 
early  spring,  and  cut  thin  slices  for  microscopical  examination,  you 
will  notice  an  abundant  precipitate  of  oxide  of  copper  covering  the 
inner  surfaces  of  the  large  vessels,  so  that  their  course  in  the  thickness 
of  the  woody  layers  may  be  traced  by  visible  reddish  thread-like 
streaks.  As  the  same  precipitate  is  very  abundant  in  the  cells  of  the 
medullary  rays,  M.  Gris  concludes  that  the  vessels  called  lymphatic, 
contain  (in  spring  at  least)  a  sap  analogous  or  identical  with  that 
found  in  the  cellular  elements  of  the  same  branch,  and  that  the  pre- 
cipitate of  the  oxide  of  copper  is  probably  deteimined  in  both  by  the 
presence  of  glucose.  M.  Gris  thinks  that  the  lymphatic  vessels 
always  contain  liquid  sap  mixed  with  a  more  or  less  considerable  por- 
tion of  air. 

M.  P.  Dalimier  has  performed  a  series  of  experiments  from  which 
he  concludes  that  the  vessels  in  the  course  of  formation  in  the  young 
tissues  of  plants  may  conduct  the  sap,  but  when  they  are  completely 
formed, — the  epoch  at  which  they  receive  the  names  of  porous  or 
spiral  vessels,  &c.,  their  normal  condition  is  to  contain  air  ;  they 
only  contain  sap  in  certain  plants,  and  during  a  comparatively  short 
time. 

M.  Belhomme  has  made  experiments  on  the  pollen  of  plants  belong- 
ing to  the  Natural  Orders  Liliaceie,  Musacete,  Aracese,   AmarylH- 
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dacead,  Boraginacese,  Solanaceas,  MalvaceaB,  CmcifersB,  PassifloraceaB, 
Cactacese,  Umbelliferte,  Myrtaceas,  Rosaoead,  and  LegnminosflB ;  and  he 
finds  that  in  Dicotyledons  the  grains  may  preserve  their  fecundating 
property,  under  certain  conditions,  for  a  period  varying  from  one  to 
three  years ;  whilst,  in  Monocotyledons,  the  period  extends  to  six 
years. 

The  parasite  called  Cnscnta  cassythoides  grows  at  the  Cape  of 
Good  Hope,  on  a  species  of  Lyoium,  probably  L.  Afnun.  It  sends  out 
long  line-like  branches,  which  entwine  themselves  firmly  round  those 
of  the  Lycium,  and  after  one  has  established  itself  on  a  new  branch, 
the  connecting  link  between  it  and  the  old  stock  dies  away,  and  a  new 
plant  is  established  on  its  own  account. 

M.  Deherain  finds  that  sulphate  of  lime,  when  introduced  into 
arable  land,  does  not  assist  the  formation  of  nitrates  or  of  ammonia,  but 
that  it  acts  by  favouring  the  solubility  of  potash.  According  to  him 
it  transforms  the  neutral  carbonate  of  potash  into  the  bicarbonate 
which  filters  easily  through  the  arable  land.  He  gives  detailed  ex- 
periments and  results  in  tibe  *  Annales  des  Sciences  Naturelles.' 

In  a  paper  on  the  variability  of  the  Pear,  by  M.  Decusne,  given 
in  the  *  Annales  des  Sciences  Naturelles,*  the  author  maintains  that 
there  is  no  evidence  of  the  degeneration  of  our  fruit  trees,  in  conse- 
quence of  their  continual  propagation  by  grafting.  The  facts  stated  by 
those  who  contend  for  degen&ation  may  be  expkined  in  various  ways, 
such  as  climates  or  soils  unsuited  for  the  particular  wants  of  the 
varieties,  bad  culture,  or  improper  grafting.  Our  ancient  pears,  so 
justly  esteemed  for  a  century  or  two,  are  still  the  same  as  they  were 
at  first.  The  Crassane,  Saint  Germain,  Doyenne,  Chaumontel,  Bon- 
Chretien,  &c.,  have  lost  none  of  their  qualities.  If  they  are  neglected, 
it  is  only  because  cultivators  are  looking  after  novelties.  M.  Decaisne 
also  maintains  that  it  is  not  true  that  the  seeds  of  good  varieties  of 
fruit  when  sown  in  ordinary  soil  have  a  tendency  to  go  back  to  a  wild 
state,  and  produce  crab-fruit.  He  says  that  no  example  has  been 
produced  of  a  good  fruit  fertilized  by  the  pollen  of  its  own  flower  or 
of  other  flowers  of  the  same  race,  having  produced  seeds  which  gave 
origin  to  a  wild  plant  with  crab  fruit.  An  esteemed  variety  fertilized 
by  poUen  from  a  variety  with  sonr  fruit  may  no  doubt  produce  fruit  of 
inferior  quality  ;  but  every  good  variety,  if  it  is  only  fertilized  by  it- 
self, will  produce  good  fruit.  He  says  that  we  do  not  find  the  Can- 
teloup  melon  returning,  by  being  sown,  to  the  small  wild  melon  of 
India ;  nor  our  cauliflowers  and  cabbages  taking  on  the  form  of  the 
wild  plants  of  the  sea-shore.  Species  in  the  vegetable  kingdom  are 
endowed  with  great  flexibility,  the  same  specific  type  giving  rise  to 
races  and  varieties  of  very  different  aspects,  but  having  the  same  mor- 
phological organization,  and  capable  of  uniting  with  each  other  by 
crossing,  like  the  members  of  the  same  family.  If  we  transport  one 
of  our  races  of  pear  to  all  quarters  of  the  globe,  we  shall  find  that 
wherever  it  can  live,  it  will  have  a  tendency  to  put  itself  into  harmony 
with  the  circumstances  in  which  it  is  placed,  and  in  course  of  time  it 
will  give  origin  to  numerous  new  varieties. 


464  Chronicles  of  Science.  [J^y> 

Dr.  Asa  Gray,  in  the  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,  gives  a  synopsis  of  the  genus  Hosackia ;  and 
describes  twenty-ei^t  species,  almost  all  of  which  occur  in  Califor- 
nia. The  genus  belongs  to  the  Natural  Order  Leguminos®,  and  the 
tribe  TrifoUefB. 

Dr.  Asa  Gray  is  satisfied  that  the  two  genera,  Astragalus  and  Phaca, 
must  be  united,  and  that  the  genus  Phaca  must  be  merged  in  As- 
tragalus. It  is  in  the  Botany  of  America  that  the  distinction  between 
Phaca  and  Astragalus  is  most  pressing,  and  where  the  data  for  the 
answer  are  most  largely  to  be  found.  While  extra-tropical  Asia  is 
the  focus  of  true  Astragalus,  that  of  Phaca  is  in  America,  mainly  in 
North  America,  with  an  extension  along  the  Andes  into  South 
America.  While  the  Flora  of  the  Russian  Empire  enumerates  168 
species  of  Astragalus  (of  which  more  than  nine-tenths  are  bilocellate 
or  nearly  so),  and  only  six  species  of  Phaca,  Dr.  Gray  recognizes  66 
species  of  the  Phaca  series,  and  52  of  Astragalus  proper  in  America. 
Moreover,  rather  less  than  half  of  the  latter  are  completely  bilocellate 
by  a  dorsal  septum,  and  at  least  half-a-dozen  different  groups  have 
been  or  might  be  refcirred  to  Phaca.  Dr.  Asa  Gray  concludes  that 
Phaca  must  be  merged  in  Astragalus ;  and  that  since  in  perhaps  the 
majority  of  Phacae,  there  is  no  intrusion  nor  peculiar  tmnidity  of  the 
seminiferous  suture,  the  subtribe  Astragalese  of  De  Candolle  has  no 
valid  foundation,  so  that  Astragalus  is  merely  a  genus  of  the  Golege®. 
The  question  is  also  considered  by  Dr.  Gray,  whether  Oxytropis  should 
be  kept  a  distinct  genus.  It  is  characterized  by  having  along  with  the 
legume  of  Phaca,  t.  e.  with  the  ventral  suture  septiferous,  a  beak-like 
acumination  or  cusp  at  the  apex  of  the  carina  of  the  corolla,  whence 
the  generic  name.  Gray  thiiSks  that  Oxytropis  may  still  be  kept  up  as 
a  genus  on  the  ground  of  general  convenience,  although  the  pointed 
keel  has  been  detected  in  at  least  one  species  of  true  Astragalus 
(A.  Nothoxys).  He  gives  a  complete  revision  and  arrangement 
(mainly  by  the  fruit)  of  the  North  Axaerican  species  of  Astragalus  or 
Oxytropis  in  a  paper  read  to  the  American  Academy  of  Arts  and 
Sciences. 

Hermann  Hoffman,  Professor  of  Botany  at  Giessen,  has  published 
a  very  useful  '  Index  Fungorum.'  The  names  of  all  known  Fungi 
and  synonyms  are  given,  with  references  to  the  works  in  which  the 
plants  are  described. 

From  a  paper  by  A.  J.  Malmoren,  translated  in  Seemann*s  '  Journal 
of  Botifhy,'  it  appears  that  the  Phanerogamic  Flora  of  Spitzbergen 
contains  95  species  of  plants. 

Dr.  F.  W.  Lewis,  in  the  Proceedings  of  the  Academy  of  Sciences 
of  Philadelphia,  has  described  some  new  species  of  Diatomaceee. 
The  gathering  was  made  on  the  margin  of  a  shallow  pond,  situated  in 
the  Notch  Valley  (White  Mountains),  from  the  southern  end  of  which 
the  river  Saco  takes  its  rise.  The  pond  is  about  200  feet  long,  and  it 
is  supplied  by  springs  welling  up  from  beneath  the  alluvial  detritus 
forming  the  pond  bottom,  which  overlies  a  stratum  of  clay,  beneath 
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which  is  the  boulder  drift.  It  is  in  the  fine  and  soft  mud,  at  from 
1  to  4  inches  below  the  sur&ce,  beneath  and  immediately  around  the 
waters  of  the  pond,  that  the  siliceous  remains  of  the  new  species  are 
most  abundant.  The  gathering  is  principally  remarkable  for  two 
points : — 1.  The  striking  analogy  which  exists  between  its  species  and 
those  of  the  sub-peat  deposits  of  the  northern  section  of  tiie  United 
States.  2.  The  occurrence  of  several  forms  belonging  to  a  known 
genus  Surirella^  so  peculiar  and  variable  in  their  characters  as 
almost  to  merit  the  title  of  transitionary,  by  which  is  meant  that 
these  forms  may.  be  regarded  as  just  such  aberrant  varieties  of  that 
genus,  as  we  might  expect  to  find  conducting  to  the  genera  NUzachia 
and  Synedra,  which  in  America  seem  to  have  followed  the  genus 
SurireUa,  at  a  long  interval  of  time.  They  exhibit,  moreover,  such 
very  unusual  variation  as  to  size,  configuration,  and  definition  of  dis- 
tinctive characters, — such  want  of  generic  fixity — as  might  be  supposed 
likely  to  mark  the  incoming  of  new  genera.  Dr.  Lewis  describes  the 
following  new  species : — SuiireUa  Baileyi,  S,  intermedia,  and  ffar.  fi 
8.  ancepSy  8,  delicatissima,  ActineUa  puncteUa,  TrybUonella  or  Denticula, 
n.  «p.,  Amphora  inte^-medioy  Navicular  n.  «p.,  MastogUna  etegans,  Amphi^ 
prora  pidchra,  var»  )8,  which  seems  to  be  J.,  cow^ricua  of  Greville. 

Principal  Dawson  has  examined  the  Flora  of  the  Devonian  period, 
of  North-east  America,  and  he  comes  to  the  following  conclusions : — 

1.  In  its  general  character  the  Devonian  Flora  resembles  that 
of  the  carboniferous  epoch  in  the  prevalence  of  Gymnosperms  and 
Cryptogams ;  and,  with  few  exceptions,  the  generic  types  of  the  two 
periods  are  the  same. 

2.  Some  species  which  appear  early  in  the  Devonian  period  con- 
tinue to  its  close  without  entering  the  carboniferous ;  and  the  greater 
majority  of  the  species  even  of  the  upper  Devonian,  do  not  reappear 
in  the  carboniferous  period,  but  a  few  species  extend  from  the  upper 
Devonian  to  the  lower  carboniferous,  and  thus  establish  a  real  passage 
from  the  earlier  to  the  later  Flora. 

3.  A  large  part  of  the  difference  between  the  Devonian  and  car- 
boniferous Floras  is  probably  due  to  different  geographical  conditions. 
The  wide,  swampy  flats  of  the  coal  period  do  not  seem  to  have  existed 
in  the  Devonian  era.  The  land  was  probably  less  extensive,  and 
more  of  an  upland  character.  On  the  other  hand,  wo  find  that  the 
beds  of  the  Middle  Devonian,  similar  to  the  underclays  of  the  coal 
measures,  are  filled,  not  with  8tigmaria,  but  with  rhizomes  of  Psilo^ 
phyton, 

4.  The  conditions  in  the  Devonian  period  seem  to  have  been  less 
favourable  to  the  preservation  of  plants  than  those  of  the  coal  epoch. 

5.  The  Devonian  Flora  was  not  of  a  lower  grade  than  that  of  the 
coal  period. 

6.  The  general  character  of  the  Devonian  Flora,  in  America,  is 
very  similar  to  that  of  the  same  period  in  Europe.  Yet  the  number 
of  identical  species  does  not  seem  to  be  so  great  as  in  the  coal-fields 
of  the  two  continents. 

In  a  paper  on  the  Qoal  formation  of  North  America,  given  in  the 
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American  *  Journal  of  Science  and  Arts,'  M.  Leo  Leequereux  makes 
some  important  remarks  in  regard  to  fossil  ferns.  He  says  that  the 
family  of  ferns  was  represented  at  the  coal  epoch  by  species  vhicli 
are  easily  referred  to  a  very  few  typical  forms.  If  we  consider  the 
figure  of  the  leaves,  i.e.  their  contour  and  venation,  the  only  part 
generally  preserved  in  the  shales  of  the  coal  measure,  all  the  species 
may  be  comprised  in  the  three  sections  —  Neuropterides,  Pecopterideie, 
and  Sphenopteridese.  From  the  scarcity  of  fructified  specimens  of 
fossil  ferns  in  the  coal  measures,  it  might  be  supposed  that  most  of  the 
species  wei*e  without  fruit.  The  want  of  fructification  is  rather  casual 
than  reaL  By  careful  examination  at  some  places,  where  the  remains  of 
a  species  are  found  in  abundance,  one  may  generally  succeed  in  finding 
traces  of  fructification.  The  sporangia  seem  in  most  cases  to  have  dis- 
appeared, from  long  and  continued  immersion  in  water.  Moreover,  the 
fern  fronds  have  usually  the  lower  surface  attached  to  the  shale  in 
such  a  way  that  the  fructification  cannot  be  observed.  We  can  some- 
times observe  an  indistinct  outline  of  the  form  of  the  sporangia 
printed  in  reHef  through  the  carbonized  tissue  of  the  fronds.  The 
scarcity  of  large  stems  would  seem  to  lead  to  ih&  conclusion  that 
during  the  formation  of  coal,  tree-ferns  were  of  rare  occurrence,  at 
least  when  compared  with  the  great  number  of  ferns.  If  we  consider 
as  remains  of  true  arborescent  ferns,  only  those  whose  outer  surface 
is  marked  by  large  oval  cicatrices,  and  known  under  the  names  of 
Cafdoptetis  and  Protopteris,  it  is  certain  that  they  are  very  scarce  in  the 
coal  measures  both  of  Europe  and  of  America.  In  his  genera,  linger 
counts  in  the  ProtopteridecB  of  the  coal,  ten  species  only,  distributed  in 
five  genera ;  and  of  these  species,  five  are  considered  by  Brongniart 
and  Lindley  as  belonging  to  SigiUaria  or  Lepidodendron.  Brongniart 
enumerates  only  six  species  of  Caidopteris ;  Geinitz  gives  four,  three 
of  them  published  by  Brongniart  as  SigiUaria,  and  one  by  Artis  as 
Megaphytum ;  and  Groeppert,  in  his  *  Fossil  Flora  des  Uebergangsge- 
birges,'  has  none.  Some  have  supposed  the  genus  Paaronius  to  bo 
allied  to  Protopteris,  and  if  so,  the  numbers  of  tree  ferns  would  be 
much  increased.  Brongniart,  however,  looks  upon  Pearonius  as 
allied  to  Lepidodendron.  The  cicatrices  of  CatdopteridecB  are  gene- 
rally distant,  placed  on  the  stems  in  the  spiral  order  |-.  When  in  a 
good  state  of  preservation  they  are  generally  oval,  or  obovate,  and 
elongated  at  both  ends  by  a  somewhat  deep  furrow.  They  have  in  the 
middle  the  mark  of  a  simple  bundle  of  vessels,  in  the  form  of  a  horse- 
shoe, and  the  central  scar  is  surrounded  by  an  oval  annulus.  The 
genus  Megaphytum^  according  to  Brongniart,  ought  to  be  united  with 
the  genera  Bothrodendron  or  Ulodendron,  and  referred  to  Lepidodendron^ 
as  representing  merely  a  modification  of  the  last  genus.  Lesquerenx, 
on  the  contrary,  considers  Megaphytum  as  a  tree  fern,  and  he  is  led  to 
this  conclusion  from  an  examination  of  the  cicatrices  of  Megaphytum 
protvberans 

Messrs.  Cloez  and  Gratiolet  find  that  the  gas  exhaled  from  aquatic 
plants  exposed  to  the  light  in  ordinary  water  slightly  impregnated 
with  carbonic  acid  contains  besides  oxygen  a  notable  quantity  of 
nitrogen.     The  latter  gas  they  consider  as  proceeding  from  the  decom- 
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position  of  the  substance  of  the  plant.  They  also  maintain  that  the 
decomposition  of  carbonic  acid  by  the  green  parts  of  aqnatic  plants, 
does  not  give  rise  to  the  formation  of  carbonic  oxide  as  has  been  stated 
by  Bonssingault. 

M.  Gloez  also  says  that  the  coloured  parts  of  plants  do  not  decom- 
pose carbonic  acid  so  as  to  give  off  oxygen.  If  in  some  cases  coloured 
leaves  have  been  stated  to  do  so,  this  depends  he  thinks  on  some  green 
being  present  in  them.  He  shows  that  in  the  coloured  leaves  of  Amaran- 
thus  tricolor,  the  green  portions  only  decomposed  carbonic  acid  and 
gave  off  oxygen,,  while  the  yellow  and  red  portions  did  not  give  off 
a  single  bubble  of  gas.  These  conclusions  are  contrary  to  the  opinion 
of  M.  Theodore  de  Saussure. 


IV.  CHEmSTEY. 
(^Induddng  the  Proceedings  of  the  Chemical  Society.) 

To  chronicle  with  any  degree  of  completeness  the  progress  of  a 
science  which  daily  makes  such  advances  as  Chemistry,  would  require 
every  quarter  more  than  the  whole  of  our  space.  We  can  only,  therefore, 
continue  to  select  those  examples  which  seem  to  possess  the  greatest 
interest  for  general  readers,  and  leave  the  special  student  of  the  science 
to  seek  the  details  in  journals  devoted  entirely  to  the  subject. 

In  general  inorganic  chemistry  one  or  two  interesting  discoveries 
have  been  made.  The  first  we  shall  mention  is  that  of  M.  Le- 
moine,  who  has  found  that  the  red  modification  of  phosphorus 
combines  with  sulphur  in  but  one  proportion.*  The  new  sulphide 
has  the  formula  P,  Ss-  It  is  a  remarkably  stable  compound,  having  a 
distinct  crystolline  form.  It  is  remarkable  also  that  this  compound 
is  always  formed,  whatever  the  proportion  of  the  constituents  may 
be  employed  in  the  experiment.  This  sesquisulphide  of  phosphorus, 
as  we  must  call  it,  is  soluble  in  sulphide  of  carbon,  which  i^ords  a 
ready  means  of  separating  it  from  the  uncombined  red  phosphorus. 
The  fact  that  one  element  in  an  allotropic  modification  combines  with 
another  element  in  different  proportions  to  what  it  does  in  the  ordi- 
nary state,  may  not  be  without  some  significance. 

Proceeding  with  the  inorganic  elements,  we  must  notice  the  dis- 
covery of  the  metal  csBsium  in  an  unexpected  place.  It  is  now  some 
years  since  Plattner  analysed  Pollux,  a  scarce  mineral  found  in  the 
island  of  Elba.  He  pronounced  it  to  be  a  compoxmd  of  silica,  alumina, 
soda,  and  potash  ;  but  in  his  analyses  he  always  had  an  inexplicable 
loss.  Becently,  M.  Pisani  f  has  analysed  the  same  mineral,  and  has 
discovered  that  it  contains  34  per  cent,  of  ceesium ;  and  calculating 
for  this  metal,  the  amount  set  down  by  Plattner  as  potassiiun,  the  per- 
centage sum  of  the  constituents  is  exactly  made  up. 

*  'Gomptes  Bendus,'  May  ICL 
t  '  Comptea  Bendiu^'  May  18. 
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Next  comes  the  discoverj  of  thallimn  in  the  Nauheim  spring,  in 
which  C8Bsium  and  rubidium  also  exist.  Professor  Bottger*  an- 
nounces that  thallium  is  present  in  the  saline  residue  of  the  water  in 
an  appreciable  quantity ;  but  Werther,  who  has  also  examined  the 
residue,  states  that  he  was  able  to  obtain  but  a  mere  trace  in  4  pounds. f 
Professor  Schrotter,  of  Vienna,  announces  that  he  has  also  found  thal- 
lium in  lepidolite  and  mica.  There  can  be  no  doubt  that  this  metal 
is  widely  diffused  in  nature ;  but  the  means  occasionally  employed  to 
separate  it  sometimes  suggests  that  the  thallium  may  have  been  con- 
veyed to  the  substance  in  the  reagents  made  use  of.  Bottger  supposes 
that  thallium  always  exists  in  pyrites  in  the  form  of  thallium-iron 
alum,  a  salt,  the  composition,  properties,  and  crystalline  form  of  which 
have  been  recently  determined  by  Messrs.  Church  and  Crookes,  and 
Professor  Miller,  of  Cambridge.}  The  existence  of  this  alum  is  held 
to  support  the  hypothesis  that  thallium  belongs  to  the  series  of  alka- 
line metals ;  but  by  the  same  reasoning,  silver  may  also  be  proved  to 
be  an  alkaline  metal,  since  Professor  Church  has  recently  §  made 
known  the  existence  of  a  silver  alum. 

That  the  field  of  inorganic  chemistry  so  &r  from  being  exhausted, 
is  still  capable  of  yielding  rich  results,  has  been  once  again  proved  by 
M.  Marignac,  II  who  has  discovered  a  remarkable  series  of  silico- 
tungstic  acids,  and  described  their  compounds.  We  need  notice  but 
one  of  these  bodies,  most  noteworthy  from  the  extraordinary  density  of 
the  solution  it  gives  with  water.  SHico-tungstic  acid  is  formed  when 
gelatinous  silica  is  boiled  with  an  acid  tungstate  of  soda  or  potash. 
It  is  composed  of  one  equivalent  of  silica  and  12  equivalents  of  tung- 
stic  acid,  and  is  a  very  stable  compound,  forming  hydrates,  which  can 
be  obtained  in  crystals  of  large  size.  When  in  combination  with  soda 
the  salt  gives  an  aqueous  solution,  having  the  specific  gravity  of  8*05 ; 
in  this  solution,  glass,  quai*tz,  and  most  stones  will  float.  The  solu- 
tion, notwithstanding  its  great  density,  is  very  fluid,  and  it  has  been 
suggested  %  that  it  may  form  an  excellent  material  for  use  in  fluid 
prisms. 

M.  Euhlmann  has  fallen  upon  some  curious  results  in  the  course 
of  investigations  he  has  been  led  to  make  on  the  preservation  of 
materials  for  building  and  ornamental  purposes. 

Some  of  these  results  are  as  important  to  geologists  and  mineralo- 
gists as  to  chemists,  particularly  those  on  the  production  of  pseudo- 
morphic  crystals.  By  passing  sulphuretted  hydrogen  over  crystals  of 
carbonate  of  lead  kept  at  a  moderate  temperature,  M.  Eulhmann  found 
that  the  carbonic  acid  in  the  compound  was  completely  replaced  by 
sulphur,  while  the  crystal  retained  its  original  shape.  Malachite 
treated  in  a  similar  way  became  converted  into  sulphide  of  copper, 

*  'Proceedings  of  Mauchester  Literary  and  Philosophical  Society/  Maix^h  22  ; 
and  *  Journal  fur  praktiache  Chemie,*  No.  6,  18(>4. 
t  '  Journal  fur  praktische  Chemie,  No,  7.  18G4. 
X  •Chemical  News,  vol.  ix.  p.  205. 
§  *  Chemical  News,*  vol.  ix.  p.  155. 
jl  '  Comptes  Bendu-s'  May  2. 
T  *  Chemical  News,*  vol.  ix.  p.  238. 


1864.]  Chemistry.  459 

which  letained  the  fibrous  and  yeined  appearanoe  which  belonged  to 
the  original  mineral.*  The  same  author  has  extended  his  investiga- 
tions to  the  colouring  matter  of  precious  stones  with  some  unexpected 
results.  The  amethyst,  for  instance,  he  finds  to  be  coloured  bj  some 
organic  matter,  and  not  by  a  metallic  oxide.  For  the  author's  mode 
of  analysing  gems  of  various  descriptions,  and  the  results,  we  must 
refer  the  reader  to  the  original  paper  in  the  ^  Comptes  Bendus '  for 
March  28. 

Mr.  Sonstadi,  who  has  already  achieved  distinction  as  a  manufac- 
turer of  magnesium,  has  now  turned  his  attention  to  calcium,  and 
succeeded  in  obtaining  this  metal  in  a  tolerably  easy  way.j  He  first 
fuses  together  iodide  of  potassium  and  chloride  of  calcium,  and  then 
adds  the  mixture  to  sodium,  and  continues  the  heat,  which  need  not 
be  great.  This,  as  the  author  states,  is  only  a  modification — in  which, 
however,  a  serious  obstacle  is  avoided,— of  the  method  proposed  by 
Lids  Bodart,  and  Bodin. 

Lastly,  in  the  department  of  inorganic  chemistry,  we  must  notice 
the  production  by  M.  Peligot  of  some  useful  alloys  of  silver  and  zinc. 
The  French  Government  is  about  to  reduce  the  standard  of  the  silver 
coinage,  which  disappears  from  circulation  in  consequence  of  the 
scarcity  of  the  metal.  M.  Peligot,  who  is  chemist  to  the  French  Mint, 
suggests  that  zinc  should  be  employed  in  the  alloy  instead  of  copper. 
One  great  recommendation  of  such  an  alloy  is,  that  it  does  not  blacken 
when  exposed  to  sulphur  compounds,  nor  fmnish  verdigris  with  acid 
liquids ;  it  is  therefore  especially  applicable  for  watch  cases,  jewellery, 
and  coins.  The  best  alloy  we  may  say  is  composed  of  eight  parts  of 
silver  and  two  parts  of  zinc. 

Among  the  recently  published  results  of  investigations  in  the 
domain  of  organic  chemistry,  we  may  notice  those  of  Cahours  and 
Fremy  on  the  respiration  and  maturation  of  fruits.!  Cahours  experi- 
mented upon  apples  and  oranges,  and  found  that  when  placed  in  a  jar 
of  oxygen  or  in  mixtures  of  oxygen  and  nitrogen,  the  fruits  absorbed 
the  former  gas  and  evolved  carbonic  acid.  This  went  on  and  increased 
rapidly  as  tibe  fruit  ripened.  Jn  the  expressed  juices  of  the  fruits  he 
found  carbonic  acid  and  nitrogen,  but  not  oxygen,  hydrogen,  or  car- 
bonic oxide.  Further  than  this,  he  found  that  when  the  same  fruits 
were  placed  in  nitrogen  or  hydrogen,  they  still  evolved  carbonic  acid, 
and  tiie  volume  of  the  external  gas  increased.  Hence  the  carbonic 
acid  must  have  been  produced  by  changes  within  the  fruit  and  inde- 
pendent of  the  external  atmosphere.  The  internal  changes  have  been 
shown  by  MM.  Chatin,  Fr^my,  and  Decaisne  to  consist  in  the  oxida- 
tion of  the  immediate  soluble  principles.  Tannin,  it  would  seem,  dis- 
appears first,  then  the  acids,  and  laMj  the  sugar.  These  changes  are 
wdl  illustrated  in  the  case  of  the  medlar,  which,  when  gathered,  is 
very  add  and  astringent,  and  only  becomes  eatable  after  having  been 
kept  for  some  time  in  the  air. 

*  '  Gomptee  R^doB,*  May  17. 
t  *  Oliemical  News,*  vol.  iz.  p.  140. 
X  *  Oomptes  RenduB,  varloua,  March,  April,  and  May. 
VOL.  I.  2  I 
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French  chemists  ttie  still  busily  occupied  with  the  phenomena  of 
fermentation.  The  last  experimenter  who  has  taken  up  the  subject  is 
M.  B^champ,  who  attempts  to  show*  that  alcohol  is  a  waste  product  of 
the  yeast  plant  His  idea  is  that  the  plant  first  of  all  transforms  sugar 
into  glucose  by  means  of  peculiar  ferment,  which  he  calls  zymate  ;  it 
then  assimilates  the  glucose  and  grows ;  finally,  it  throws  out  the 
alcohol  and  other  compounds  usually  called  products  of  fermentatioii, 
just  as  animals  throw  out  waste  products  such  as  urea,  &c.  As  a  con- 
firmation of  this  idea,  the  author  asserts  that  the  yeast  plant  throws 
out  alcohol  when  not  in  contact  with  sugar  or  any  fermentable 
material. 

At  the  commencement  of  the  present  year,  Mr.  fimitih,  of  Edin- 
burgh, announced  the  discoTory  of  a  new  alkaloid,  in  the  juice  of 
£rei^  aconite  root.  He  named  it  ooone^Za,  and  stated  that  in  compo- 
sition and  all  its  chemical  properties  it  was  identical  with  narootine, 
one  of  the  opium  alkaloids.  Bocently,  Professor  Jellett,  of  the  Dublin 
Uniyersity,f  has  investigated  the  optical  properties  (d  aconella  and 
narcotine,  and  found  that  in  those  the  two  alkaloidB  (or  one)  are  iden- 
tical The  extraction  of  one  and  the  same  alkaloid  from  two  sudi 
dissimilar  sources,  is,  to  say  the  least,  extremely  curious. 

Everything  that  relates  to  the  Cinchona  plant,  and  the  valuable 
alkaloids  derived  from  it,  is  of  so  much  importance  to  us,  that  we 
cannot  pass  over  the  communication  of  Dr.  De  Yry,  recently  made  to  a 
meeting  of  the  Pharmaceutical  Society.^  The  author,  who  is  the 
able  superintendent  of  the  Dutch  Cinchona  plantations  in  Java,  has 
recently  paid  a  visit  to  the  British  plantations  in  Ceylon,  and  on  the 
Neilgherry  Hills.  He  confirms  the  report  that  these  are  in  a  most 
flourishing  condition,  and  he  obtained  at  them  numerous  specimens 
of  stem  and  root  barks  which  he  has  submitted  to  analysis.  The 
most  curious  result  of  these  analyses  ifi,  that  quinine  is  found  in  the 
largest  quantities  in  the  bark  of  the  root,  a  statement  quite  in  contra- 
diction to  that  of  our  English  authority,  Mr.  Howard.  But  so  certain 
is  Dr.  De  Yry  of  hie  accuracy,  that  he  gees  so  flEur  as  to  suggest  the 
cultivation  of  the  plant  for  the  root  alone. 

In  analytical  chemistry  some  useful  information  has  been  famished 
by  recent  writers*  When  sulphuric  acid  in  combination  with  the 
aUcalies  is  estimated  in  the  form  of  sulphate  of  baryta,  some  alkali  is 
always  carried  down,  which  it  is  impossible  to  wash  out,  and  which 
exaggerates  the  amount  of  sulphuric  acid.  A  writer  in  '  Billiman's 
Journal,'  makes  known  the  &ct  that  the  alkali  may  be  got  rid  of  by 
digesting  the  precipitate  in  a  solution  of  acetate  of  oopper  strongly 
acidulated  with  acetic  acid.  The  mixture  should  be  kept  near  a 
boiling  temperature  for  ten  or  fifteen  minutes,  then,  after  well  washing, 
pure  sulphate  of  baryta  will  be  left  behind. 

Winckler  has  recently  published  a  method  by  which  in  assaying 
tin  ores,  the  metal  can  be  easily  obtained  in  a  single  button.  After 
haTing  separated  other  metals  in  the  usual  way,  he  mixes  the  binozide 

*  *  Comptes  Bendufi,*  April  4. 

t  *  Chemical  Nows,'  vol.  ix.  p.  216. 

X  *  Chemical  News,'  vol.  ix.  p.  237. 
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■I  of  tin  with  a  known  weight  of  peroxide  of  copper,  and  reduces  the 

^i  two  metals  together.     The  copper  carries  down  the  tin  with  it  in  a 

iEt(  single  button,  and  the  weight  of  the  tin  is  obtained  by  subtracting 

m  that  of  the  copper  producible  from  the  oxide  employed  from  the  gross 

M  weight  of  the  button. 

ii  In  connection  with  sulphuric  acid  we  may  mention  the  fact  that 

fit  Mr.  Bottomley,  of  Manchester,*  baa   proved   the    inaccuracy  of 

9  Pelouze's  method  of  estimating  sulphur  in  ores  by  deflagrating  tiiem 

m  with  chlorate  of  potash  and  carbonate  of  soda,  and  then  determining 

hi  the  amount  of  undecomposed  carbonate  by  a  standard  acid.    Some 

oxygen  compound  of  chlorine  would  appear  to  be  always  evolved  with 
h  the  carbonic  acid,  and  the  percentage  of  sulphur  is  always  too  low. 

M  Sulphur  is  an  important  remedial  agent,  and  in  no  form  is  more 

^  effective  than  in  a  mineral  water.      Dr.   Sheridan  Muspratt    has 

n  recently  analysed  the  water  of  the  Harlow-caif  spring  near  Harrogate, 

la  and  found  therein  nearly  four  grains  of  sulphide  of  sodium  in  the 

fli  gallon.    This  water  will  probably  be  as  highly  valued  as  that  of  the 

^  neighboxuring  springs  at  Harrogate. 

a  ,  An  ingenious,  and  no  doubt,  a  reliable  method  of  estimating  tannic 

and  gallic  acids,  has  recently  been  published  f  by  Herr  Mittenzwey. 
^  It  is  based  on  the  capacity  of  these  bodies  for  absorbing  oxygen  in 

n  the  presence  of  an  alkali.    The  absorption  is  effected  in  a  closed 

^^  flask,  a  tube  from  which  is  opened  in  water  that  this  fluid  may  supply 

I  the  place  of  the  gas  taken  up.    The  water  is  taken  from  a  weighed 

,  quantity,  and  each  gramme  sucked  into  the  flask  will  correspond  to  a 

^  cubic  centimeter  of  oxygen  at  the  normal  pressure  and  temperature. 

g  Modifications  of  this  process,  the  chemist  inll  see,  are  applicable  for 

the  determination  of  iron  and  manganese,  and  also  the  valuation  of 
indigo. 

Lei  the  applications  of  chemistry  we  have  not  much  to  report.  A 
process  of  considerable  interest  has  been  suggested  by  Mr.  Whitelaw, 
of  Glasgow,  for  the  utilization  of  the  bnne  ftt>m  salt  meat  He 
submits  this  to  dialysis,  and  thereby  separates  the  salt^  and  obtains 
the  juices  of  the  meat  for  soup.  A  further  application  of  the  process 
will  serve  to  procure  salted  meat  in  an  approximate  state  of  freshness. 
The  meat  and  brine  are  placed  together  in  a  dialysing  bag,  which  is 
placed  in  water  for  a  day  or  two.  In  this  time  most  of  the  salt  will 
have  passed  into  the  water,  and  the  meat  will  be  left,  not  eiaetly  like 
leoeniij  killed,  but  still  available  for  cooking  in  a  variety  of  ways,  to 
which  salt  meat  is  not  adapted. 


I 


PsooBiDiNas  or  thb  CmonoAL  SoonrT. 

Most  of  the  papers  read  at  the  meetings  of  the  Chemical  Society, 
are  of  interest  only  to  advanced  chemists,  and  could  not  possibly  be 
made  intelligible  to  the  general  reader,  so  we  give  merely  the  titles 
as  a  record  of  the  Society's  proceeedings.    The  first  is  a  paper  by 

•  'Chemical  News.'  vol.  ix.  p.  200. 

t  '  Journal  fUr  piaktUohe  Chende/  No.  2, 1864. 

2i2 
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Mr.  E.  J.  Mills,  On  Nitro-compounds ;  another  is  On  Oxyaniline,  bj 
Dr.  Schmidt ;  a  third  is  On  the  Suhfonniate  of  Ethyl,  and  On  the 
Basic  Salts  of  some  Organic  Acids ;  others  were  On  the  Hexyl  Group, 
by  Dr.Wanklyn ;  On  the  Action  of  Hydrobromic  and  Hydriodic  Acids 
upon  Polyatomic  Acids,  and  On  the  Behaviour  of  the  lodo-substi- 
tation  Compounds  towards  Hydriodic  Acid.  Lastly,  we  may  mention 
the  profoundly  interesting  discourse  by  Sir  Benjamin  Brodie,  On  the 
Organic  Peroxides  theoretically  considered. 

Beyond  this  we  have  only  to  record  the  discovery  by  Professor 
Tuson  of  crystalline  organic  principles  in  castor  and  croton  oils.  Con- 
trary to  expectation,  it  would  appear  that  these  principles  produce  no 
aperient  effects;  but  as  the  President  of  the  Chemical  Society- 
remarked,  they  deserve  fuller  investigation. 


V.  GEOGBAPHY- 


{Including  the  TrcmsacHons   of  the  Boyai  Oeographical  Sodely,    and 
Noiicea  of  the  Ordnance  Survey  of  Oreat  Britain  and  Ireland.) 

No  SCDBNOE,  probably,  is  more  affected  by  political  circumstances  than 
geography.  The  development  of  mercantile  speculation,  war,  and 
even  the  combinations  and  divisions  of  political  parties  and  govern- 
ments, each  in  their  turn  afford  opportunities  peculiar  to  themselves 
of  acquiring  fresh  geographical  information,  and  even  of  making  some 
alteration  in  the  physical  contour  of  various  countries.  At  the  same 
time,  it  must  be  acknowledged  that  war  especially  throws  many- 
obstacles  in  the  way  of  the  investigation  of  distant  lands;  whilst 
mercantile  pursuits  not  only  interfere  with  those  of  a  scientific 
character,  but  the  spirit  of  greed  that  is  apt  to  be  developed  where 
merchandize  is  a  principle  aim,  frequently  defeats  its  own  object,  and 
produces  an  exclusion  from  those  very  places  which  it  was  its  desire 
to  penetrate.  As  an  instance  of  the  service  done  to  science  by  war, 
the  insurrection  in  New  Zealand  has  brought  to  light  the  great 
deficiency  of  good  maps  of  that  country.  As  the  conquest  of  Serin- 
gapatam,  by  General  Harris,  led  to  the  accurate  survey  and  delineation 
of  Mysore,  so  we  may  look  forward  to  a  lasting  monument  of  the 
present  unhappy  squabble  to  be  erected  by  the  careful  mapping  out 
of  the  country  traversed  by  the  troops.  The  want  has  been  strongly 
felt  by  the  conunanders,  and  it  is  to  be  hoped  that  they  will  ts^e 
what  means  lie  at  their  disposal  to  remedy  the  deficiency.  In  like 
manner  we  shall  in  all  probability  receive  much  additional  informa- 
tion from  some  of  the  members  of  Mr.  Eden's  suite  in  his  ill-fated 
expedition  to  Bhootan,  and  perhaps  from  the  more  military  party 
that  may  have  to  follow  in  his  footsteps.  Under  any  circumstances, 
the  north-eastern  route  to  China  is  likely  to  receive  some  elucida- 
tion. But  greater  wars,  such  as  the  suicidal  struggle  in  North 
America,  on  the  contr^y,  paralyze  all  the  efforts  that  used  to  be  made 
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on  that  continent.  Wo  have  no  longor  any  of  those  elaborate  and 
costlj  works,  issued  by  the  War  Department  of  the  United  States, 
which  once  were  a  credit  to  the  goyemment  that  encouraged  their 
production.  For  fifteen  years  the  American  Government  published 
from  time  to  time  records  of  exploratory  work  done  for  them,  the 
greatest  and  best  probably  being  those  of  the  expedition  up  the 
Colorado  river  of  the  West.  All  that  we  now  get  from  North 
America  is  from  surveyors  in  British  Columbia  and  Vancouver's 
Island.  One  distinguished  citizen  of  the  Eepublic,  Mr.  George  P. 
Marsh,  who  is  well  known  in  this  country  for  his  works  on  the  English 
language  and  literature,  and  who  is  an  accurate  and  extensive  scholar 
of  Norse  literature,  has  written  a  volume,  entitled  '  Man  and  Nature, 
or  Physical  Geography  modified  by  Human  Action."*  The  object 
of  this  work  is  to  estimate  in  some  degree  the  character  and  extent  of 
changes  produced  on  the  physical  globe  by  human  action,  and  to 
suggest  the  possibility  and  importance  of  the  restoration  of  disturbed 
harmonies  and  the  improvement  of  waste  and  exhausted  regions.  The 
book  is  written  in  a  popular  style. 

It  is  an  extraordinary  circumstance  that  the  two  continents,  in  some 
respects  so  remarkably  similar,  Africa  and  Australia,  furnish  us  now 
witii  most  of  the  topics  on  which  geographers  discourse.  The 
practical  problem  of  how  to  produce  the  greatest  amount  of  wool  of 
a  fine  texture,  and  of  late  a  similar  search  for  land  on  which  to  grow 
cotton,  combined  with  an  outlet  for  our  surplus  population,  has  led  to 
several  attempts  to  penetrate  into  various  parts  of  the  interior  of 
Australia,  not  leading  to  any  very  astonishing  discoveries,  but  at  the 
same  time  gradually  adding  to  our  knowledge  of  the  geographical,  and, 
as  a  necessary  consequence,  the  geological  peculiarities  of  this  con- 
tinent. The  interior  of  Africa  affords  more  reasons  and  encourage- 
ments to  the  discoverer.  The  very  profitable  traffic  in  its  peculiar 
productions  is  attractive  to  one  class  of  minds,  but  many  more  are 
led  on  by  a  sort  of  romance,  a  desire  to  penetrate  into  the  unknown, 
to  live  a  wild  life,  holding  in  subjection  nature  and  nature's  children, 
to  discover  some  of  nature's  secrets ;  whilst  others  again,  and  these, 
perhaps,  not  the  least  heroic,  are  tempted  to  try  and  disseminate  the 
seeds  of  Christianity  and  civilization  amongst  the  wild  tribes,  whom 
one  at  least  of  the  savants  of  the  present  day  believes  to  be  incapable 
of  higher  cerebral  development  without  incurring  the  risk  of  fiEilling 
forward  and  becoming  a  rational  quadruped !  Thus  these  two  con- 
tinents, each  with  its  extraordinary  fauna  and  flora,  running  back  into 
ancient  geological  periods,  each  of  a  somewhat  similar  geological 
formation,  consisting  of  an  external  ring  of  mountains,  and  enclosing 
great  central  plains,  with  rivers  running  inwards,  and  either  drying 
up  or  terminating  in  central  lakes,  are  &e  points  to  which  our  atten- 
tion is  now  directed. 

The  colony  of  Queensland,  at  the  present  time,  owing  to  the  war 

'*'  *  Man  and  Nature ;  or.  Physical  Geography  as  Modified  by  Human  Action.' 
Hy  George  P.  Marsh,  author  of  *  Lectures  on  the  English  Language,*  '  The 
Student's  Manual  of  the  English  Language,'  &c.  8vo.  Sampson  Low,  Son,  and 
Marston. 
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in  New  Zealand,  and  the  disturbing  elements  of  gold  digging  in  the 
other  settlements  of  Australia,  attracts  considerable  notice.  We 
shall  have  occasion  to  speak  at  a  later  period  of  the  surveys  conducted 
by  the  governor  of  this  colony.  The  settlers  seem  anxious  to  open  out 
all  the  means  of  communication  that  they  can.  There  is  a  design  for 
a  mail  to  Batavia  to  join  the  Dutch  here.  The  coast  will  soon  be 
defended  by  several  lighthouses.  The  climate  seems  to  afford  great 
relief  to  persons  afflicted  with  chest  diseases,  and  the  dugong  oil  is  as 
efficacious  a  remedy  as  that  of  the  cod  liver.  The  rndtivation  of 
cotton  is  making  a  considerable  advance,  and  bids  fait  in  time  to 
succeed  to  the  now  lost  Sea  Islands.  Tobacco,  and  other  productions 
of  both  temperate  and  torrid  zones,  flourish,  and  the  only  problem 
that  remains  to  be  solved  is  how  far  norik  the  European  can  live  with 
impunity.  The  Society  of  Arts  at  home  has  offered  a  prize  for  the 
discovery  and  working  of  a  new  coal  mine  in  Australia.  This  has 
afforded  much  amusement  to  the  colonists.  They  have  no  lack  of 
mines,  and  mines  in  convenient  localities ;  but  the  competition  is  so 
fflreat  that  the  chief  difficulty  is  to  find  a  market  for  the  coal  procured. 
Queensland  promises  in  a  few  years  to  become  one  of  the  most 
flourishing  of  colonies  dependent  upon  this  empire. 

The  African  explorers  have  been  of  late  pressing  in  upon  the 
unknown  central  region  from  all  sides.  Some  hindrances  seem  likely 
to  stop  their  very  rapid  progress.  Dr.  Eirk,  who  was  attached  to 
Dr.  Livingstone's  party,  has  returned,  and  Dr.  Livingstone  himself^  the 
report  of  whose  death  has  proved  untrue,  is  on  his  way  to  Bombay, 
vid  Mozambique  and  Zanzibar,  hoping  at  the  former  place  to  sell  his 
little  steamer,  the  'Lady  Nyassa.'  Bishop  Toser,  who  was  settled 
on  the  Zambesi,  appears  to  meet  with  less  success  than  he  had  antici- 
pated, in  consequence  of  the  disturbed  state  of  the  country,  and 
recommendations  are  being  forwarded  to  him  to  retire  to  the  frontier 
land  to  the  north  of  the  Zidu  land.  His  object  is  to  advance  towards 
the  interior,  and  his  route  need  not  be  confined  to  any  river  or  line  of 
march.  M.  Jules  Gt^rard  has  met  with  a  repulse,  too,  frx)m  the 
King  of  Dahomey.  He  was  indiscreet  enough  to  write  to  '  The  Times ' 
an  account  of  the  custom  on  the  ascent  of  the  present  monarch  to  the' 
throne,  and  in  consequence  he  has  been  politely  requested  to  retire 
from  tiie  kingdom  which  he  had  begun  to  describe. 

Dahomey  itself  has  suffered  a  remarkable  reverse  at  the  hands  of 
the  Egbas  d  Abeokuta,  who  were  so  well  described  in  Captain  R.  F. 
Burton's  book  on  that  subject,  published  last  year.  The  old  grudge 
whidi  the  traveller  mentioned  as  having  been  nourished  for  more  than 
ten  years,  has  at  last  broken  out  into  active  warikre.  With  troops  to  the 
number,  it  is  said,  of  10,000,  of  which  a  large  portion  were  Amazons, 
he  attacked  the  Aro  gate  of  the  extensive  fortified  enclosure  of  Egba 
villages,  that  go  by  tiie  name  of  Abeokuta,  XJnder-the-Stone,  a  con- 
federation of  towns  that  remind  us  not  only  of  the  four  or  five  hills 
that  were  first  enclosed  to  make  up  Rome  with  its  allied  tribes,  but 
also  gives  an  explanation  of  some  of  those  peculiar  plural  names  that 
many  Grecian  towns  possessed.  Niebuhr  found  an  explanation  of 
Janus  Biceps  in  a  town  lying  inland  on  the  northern  coast  of  Africa ; 
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I  a  fature   oritio  of  Livy  and  of  ^iebnhr    may  probably  find  other 

li  analogies  between  the  form  and  goyemment  of  tibe  city  of  the  Seven 

i  Hills,  and  the  rudely  defended  haunt  of  Egba  robbers,  Under- the- Stone. 

I  For  the  present  their  Alban  or  Y eientine  assailant  has  been  repulsed,  and 

{r  the  Capitol,  Olumo,  the  builder,  stands  firm.     Other  rumours  of  wars 

i  come  fr(»n  this  neighbourhood.     War  was  being  carried  on,  and  it  is 

I  to  be  hoped  is  now  stopped,  against  the  King  of  Ashanti.    Little  is 
to  be  gained  by  throwing  away  in  the  swamps  of  Western  Africa  the 


I 


I  lives  of  Englishmen,  valued  in  this  country,  in  the  almost  vain  hope 

of  destroying  the  lives  of  a  few  score  black  fellows  whose  lives  are- 
accounted  nothing  worth  in  their  own  land.  Such  is  the  common 
argument  against  this  war,  the  justice  or  injustice  of  which  we  have 
not  seen  discussed. 

There  are  in  this  country  ambassadors  from  Madagascar,  and 
in  France  some  from  Japan.  The  former  are  described  as  gen- 
tlemanly, intelligent  men,  evidently  accustomed  to  the  European 
dress,  and  at  ease  in  European  society.  The  predecessors  of  the 
latter  have  lately  published  their  ideas  of  our  characteristics  for  the 
benefit  of  their  fellow-countrymen.  The  introduction  to  their 
book  has  been  translated,  and  it  is  to  be  hoped  that  before  long  the 
whole  of  this  interesting  narrative  may  be  reproduced  in  this  country. 
Naturally  the  differences  between  their  habits  and  our  own  attracted 
their  attention,  and  in  this  way  we  learn  much  of  those  peculiarities 
which  are  most  ditficult  for  us  otherwise  to  discover.  Thus  the  height 
and  massiveness  of  our  houses  struck  them  as  remarkable,  and 
suggested  great  danger  in  case  of  earthquakes,  betraying  the  secret  of 
their  own  low  and  slight  style  of  architecture.  Partitions  of  papor 
supported  by  a  few  diight  beams,  topped  by  a  shingle  roof  of  the 
lightest  material,  would  topple  to  pieces  like  a  card-house  at  the 
slightest  vibration,  but  at  the  same  time  would  do  as  little  damage  as 
the  cardboard  edifice  itself.  Their  ceremonious  behaviour  towards 
their  friends  of  various  ranks  was  so  remarkably  different  from  our  own 
unceremonious  nod,  or  even  more  dignified  bow,  that  they  could  not 
but  remark  upon  our  utter  want  of  common  decency  according  to  their 
ideas  on  this  matter.  Foreigners  are  not  likely  soon  to  be  excluded 
from  these  islands  again,  for  the  Mikado,  the  spiritual  ruler  and  repre- 
sentative of  the  Conservative  feeling,  has  given  permission  for  them  to 
remain  five  years  longer.  The  lower  classes  show  quite  as  much  good 
feeling  towu*ds  strangers.  A  sailor,  one  of  fifteen  belonging  to  the 
^  Star  of  Peace,'  who  sJone  swam  to  shore  after  the  wreck  of  that  vessel 
and  the  capsizing  of  the  long  boat,  was  most  hospitably  received 
by  the  inhabitants  at  Eadsusa,  and  at  length  forwarded  to  Yoko- 
hama. It  is  to  be  hoped  that  this  kindly  spirit  may  not  again  be 
disturbed  by  any  champion  of  British  independence,  and  that  some  con- 
sideration will  be  shown  for  the  feelings  and  customs  of  the  natives. 
The  Prussian  Scientific  Expedition,  which  was  sent  a  few  years 
ago  to  Japan  and  China,  is  now  preparing  for  the  publication  of  the 
results  of  its  discoveries.  The  artist  announces  a  series  of  views, 
which  are  to  be  issued  at  the  expense  of  the  King  of  Prussia,  in  parts, 
the  first  of  which  is  ready,  and  embraces  six  large  views  of  Yeddo. 
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Should  the  inhabitants  of  the  wonderful  island  of  Madagascar  seek  to 
enlighten  their  countrymen  and  their  lately  resuscitated  king  on  the 
subject  of  the  northern  nations  that  they  are  now  visiting,  we,  too, 
may  hope  to  learn  something  of  the  ideas,  manners,  and  customs  of 
that  almost  impenetrable  country,  whose  inhabitants,  animals,  and 
flora  differ  so  materially  from  the  nearest  approaching  continent  In 
the  meantime,  we  must  content  ourselves  witib  the  scanty  information 
contained  in  such  books  as  the  *  Journal  of  the  Bishop  of  Madagas- 
car,' *  in  which  we  get  only  incidental  remarks  of  any  geographical 
value,  since  the  work  is  raliier  addressed  to  those  who  are  interested 
in  missionary  labours,  than  to  scientific  inquirers.  Amongst  other 
little  known  localities.  The  Curieuse,  the  i^e  of  Lepers,  a  hospital 
island  whither  all  these  afflicted  creatures  are  consigned  by  the  govern- 
ment of  the  Mauritius,  was  visited  by  the  bishop  in  the  discharge  of 
his  episcopal  and  missionary  functions. 


Thb  Botal  Gboobafhigal  Sooiett. 

Some  extremely  interesting  papers  have  been  read  before  this  Society 
during  the  past  quarter,  amongst  which  Mr.  Gifford  Palgrave  fiimishes 
one  on  a  journey  from  Gaza,  through  the  interior  of  Arabia  to  El 
Ehatif  on  the  Persian  Gulf,  and  thence  to  Oman.  Under  the  disguise 
of  a  physician,  a  Syriac  Christian,  Mr.  Palgrave  passed  through  a 
highly-interesting  and  little  known  region.  He  left  Graza  on  the  5th 
May,  1862,  went  some  little  way  along  the  pilgrimage  route  from 
Damascus  to  Mecca,  passed  within  two  days' journey  of  the  Gulf  of 
Akaba  over  a  desert  inhabited  only  by  lizards  and  serpents,  and 
entered  the  kingdom  of  Jebel  Shomer.  Here  commenced  his  most 
remarkable  discovery,  viz.  that  among  the  strictest  Mahometans, 
and  amidst  the  strictest  kind  of  dissenters  from  the  orthodox  form  of 
this  religion,  there  exist  remnants  of  the  old  superstition  which  the 
prophet  of  Islam  intended  to  extirpate.  The  worship  of  the  sun,  of 
trees,  of  fire,  and  of  the  north  star  imder  the  remarkable  name  of 
Iah,  the  same  word  as  that  revealed  to  Moses,  as  described  in  the  book 
of  Exodus,  all  find  adherents  in  out-of-the-way  parts  of  Arabia. 
Amongst  the  mountains  these  ancient  forms  still  hold  their  ground. 
Ai'ter  ten  days'  journeying,  Mr.  Palgrave  and  his  companions  reached 
the  capital,  Hul,  where  they  were  kindly  treated  by  the  king,  Jelab. 
Hul  contains  about  20,000  inhabitants,  with  a  good  market-place, 
handsome  shops,  and  a  grand  palace  surrounded  by  fortifications. 
The  government  of  the  whole  kingdom  is  well  organized,  though  it 
was  only  founded  sixty  years  since.  From  this  kingdom  of  Jebel 
Shomer,  Mr.  Palgrave  next  passed  to  that  of  the  sect  of  the  Wahabees, 
which  sect  originated  with  a  fimatical  Mahometan  reformer,  Moham- 
med Ebn  Abd-al-Wahab,  about  100  years  ago.     This  kingdom  is  an 

*  'Mauritins  and  Madagascar:  Joumalfi  of  an  Eight  Years'  Beddenoe  in  the 
Diocese  of  Mauritius,  and  of  a  Visit  to  Madagascar.'  By  Vincent  W.  Ryan,  DI)., 
Bishop  of  Mauritiuli.    Seeley,  Jackson,  &  HaUiday. 
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eqi^Jly  good  specimen  of  official  centralizatioD,  and  is  a  remarkable 
instance  of  a  complete  despotism,  both  as  regards  religion  and  politics. 
The  religious  practices  of  tiie  Wahabees  or  Wahabites,  are  very  peculiar. 
With  them  the  next  most  heinous  sin  that  can  be  committed  after 
polytheism,  by  which  they  mean  any  kind  of  idolatry,  is  what  they 
term  "drinking  the  shameful,"  by    which  they  designate  smoking. 
Compared  with  this,  murder,  theft,  false  witness,  &c.,  are  venial  sins  ; 
but  this  is  not  to  be  expiated  in  this  world.     In  consequence  of  neg- 
lect on  this  point,  and  in  the  matter  of  wearing  silk  dresses,  the 
cholera  was  supposed  to  have  invaded  the  province  some  six  years  ago, 
upon  which  the  king  thought  it  advisable  to  appoint  a  council  of  twenty- 
two  members,  the  strictest  and  most  religious  men  that  could  be 
found,  to  inquire  into  the  religious   observance  and  morals  of  the 
community,  and  to  inflict  such  corporal  punishment  as  they  deemed 
fitting.     The  king's  own  brother,  and  one  of  the  principal  ministers, 
a  sort  of  First  Lord  of  the  Treasury,  suffered  this  castigation, — the 
latter  to  such  a  violent  degree  that  he  died  the  next  day.    All  the 
inhabitants  of  the  town  are  obliged  to  attend  prayers  five  times  a  day 
on  pain  of  a  beating.     They  attribute  every  action  performed  by 
man,  animal,  or  physical  law,  to  no  intermediate  cause,  but  at  once 
to  the  Deity  himself.    As  an  instance  of  this,  Mr.  Palgrave  mentions 
that  a  boy  who,  by  way  of  introduction  exhibited  some  dexterity  with 
a  top,  addressed  them  as  follows : — *'  Not  by  my  strength,  nor  by  my 
cleverness,  but  by  the  strength  of  Qod,  and  by  the  cleverness  of  Qod.*' 
In  this  remarkable  country,  previously   nnvisited    except    by  the 
victorious  arms  of  Ibrahim  Pasha,  were  found  the  most  celebrated  of 
the  celebrated  breed  of  Nejed  horses.   The  colour  of  these  was  mostly 
grey,  a  few  were  white  or  chesnut,  still  fewer  black,  and  none  bay. 
They  were  beautiful    beyond    compare,    with  clean  legs,   delicate 
muzzles,   graceful  haunches,  well    set-on    tails,   and  very  sloping 
shoulders.     The  king  had  130  in  his  stables,  which  Mr.  Palgrave,  in 
his  character  of  physician,  visited  on  more  than  one  occasion.     These 
horses  never  find  their  way  to  Europe,  as  they  are  never  sold  or 
bartered.     Leaving  this  neighbourhood  with  extreme  difficulty,  owing 
to  a  quarrel  with  the  king,  whom  Mr.  Palgrave  refused  to  supply  with 
strychnine  for  the  but  dightly  disguised  object  of  disposing  of  his 
own  brother  and  some  others  of  the  great  men  of  whom  he  was  afraid, 
the  party  arrived  at  Khatif^  on  the  Persian  Gidf.      The  journey 
thence  was  undertaken  by  the  companions  separately  to  Oman,  at  the 
mouth  of  the  Gulf,  where  they  visited  and  were  well  treated  by  the 
sovereign.     They  finaUy  reached  civilization  and  rest  at  Bagdad, 
after  fourteen  months'  constant  travelling. 

Two  interesting  papers  on  the  sister  colonies  of  Vancouver's  Island 
and  British  Columbia  were  contributed  to  the  Society  by  Dr.  C. 
Forbes,  KN.,  and  Lieut  H.  S.  Palmer,  B.E.  The  outlines  of  the 
coast  of  these  two  colonies  seem  to  be  similar,  and  to  resemble  the 
north-western  coasts  of  Europe.  A  rugged  sea  board  westwards,  in- 
dented with  numerous  fiords,  backed  by  undulating  ground  further 
inland,  gives  to  the  island  as  different  an  aspect  on  the  two  shores  as 
England  itself  presents.     In  the  colony,  the  gentler  elopes  lead  on 


468  Chronidei  of  Science,  [^^J, 

again  to  a  second  range  of  monntainB,  wliicli  develope  at  length  into 
the  Bocky  Mountains.  The  climate  in  both  cases  is  not  vastly 
different  from  that  of  the  Old  Ootmtzy,  but  the  absence  of  the  Gulf 
Stream,  and  the  presence  of  currents  from  the  Arctic  regions,  causes 
the  temperature  of  the  sea  to  be  much  colder  than  the  ocean  to  which 
we  are  accustomed.  In  some  respects  the  conchology  is  peculiarly 
boreaL  Again,  a  great  extent  of  snow-covered  hill  to  tibe  north  of  the 
colony  causes  cold  but  bright  weather  as  late  as  Midsummer  day.  The 
principal  wealth  of  both  colonies  seems  to  be  mineraL  Coal  is  found 
in  some  abundance  in  several  places,  and  is  of  good  quality.  In 
British  Columbia  the  principal  aftraction  at  present^  the Vld^whieh, 
according  to  Lieut.  Palmer,  promises  the  most  inexhaustible  field  in 
the  world.  The  veins  appear  to  run  north  and  south,  but  to  be  carried 
westward  by  the  action  of  the  torrents.  The  whole  country  produces 
magnificent  forests,  the  trees  of  which  reach  enormous  sizes ;  300  feet 
is  an  ordinary  height  for  a  pine,  whilst  cedars  reach  the  girth  of 
57  feet  at  a  height  of  5  fL  6  in.  from  the  ground.  The  country  pro- 
mises well  for  ti^e  fiirmer,  being  very  similar  in  soil  and  production  to 
our  own  land ;  but  as  yet  there  is  little  likelihood  of  much  develop- 
ment of  these  resources,  owing  to  the  want  of  means  of  communication 
and  the  dearth  of  markets  for  the  produce.  A  great  number  of 
Americans  had  emigrated  to  British  Columbia,  making  excellent 
citizens,  showing  great  enterprise,  and  exhibiting  every  disposition  to 
settle  permanently  in  the  colcmy.  The  natives  are,  in  the  main,  a 
peaceful  and  inoffensive  race,  though  apt,  if  they  consider  their  rights 
invaded,  to  retaliate  in  a  manner  consistent  with  the  extremely 
degraded  state  of  barbarism  into  which  they  have  fskllen. 

Two  papers  on  Queensland  were  read  before  the  Society,  one  on 
an  *  Overland  Expedition  from  Port  Denison  to  Bockingham  Bay,'  by 
A.  J.  Scott ;  the  other  was  a  communication  from  the  Governor  of  the 
colony,  Sir  George  Bowen,  to  the  Doke  of  Newcastle,  on  the  forma- 
tion of  a  colony  at  Cape  York,  the  northernmost  point  c^  the  Austra- 
lian continent,  and  on  the  survey  of  the  inside  of  the  Great  Barrier 
Beef.  The  object  of  the  former  expedition  was  to  discover  a  nearer 
approach  to  the  sea  from  the  Valley  of  Lagoons  than  Port  Denison, 
winch  is  200  miles  distant.  Though  no  passage  was  made,  an  open- 
ing was  discovered  which  only  required  that  a  certain  portion  of 
jungle  should  be  cut  through,  in  order  to  form  a  convenient  road  to 
the  neighbourhood  of  Bockingham  Bay.  A  continuous  line  of  stations 
reaches  northward  of  the  Valley  of  Lagoons  over  a  country  well 
suited  for  Europeans,  and  for  stock,  and  containing  coal,  iron,  copper, 
and  gold. 

The  Governor  proposes  a  preliminary  settlement  on  Albany  Ldand, 
where  the  climate  is  remarkably  cool  for  the  tropics.  There  is  abun- 
dant pasturage  here  for  sheep,  cattle,  and  horses,  and  large  tracts  for 
the  cultivation  of  cotton,  sugar,  &c.,  and  timber,  stone,  and  lime  exist 
in  abundance.  The  survey  of  the  inside  of  tiie  Barrier  Beef  com- 
pletes a  most  valuable  and  important  work.  It  affords  not  only  a 
safe  means  of  communication  between  the  colonies,  but  will  un- 
doubtedly in  time  become  the  route  of  the  homeward-bound  mails. 
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Tbe  reef  acts  as  a  Datmal  breakwater,  and  keeps  comparatiye  still 
water  within,  the  only  disadvantage  is  the  necessity  of  anchoring  at 
night. 

The  snbject  of  Nile  disooveiy  does  not  yet  seem  folly  exhausted. 
Some  of  the  reviewers  of  Captain  Speke's  book  are  inclined  to  dispute 
the  fact  of  his  having  clearod  np  the  whole  mystery.  The  work  of 
Phaethon  still  remains  uncancelled. 

"  NHus  in  extremum  fugit  perterritus  orbem, 
Occuluitque  caput,  quod  adhtic  latet." 

The  captain  is  about  to  famish  farther  particulars  in  a  pamphlet, 
entitied  *  What  led  to  the  Discovery  of  the  Source  of  the  Nile.'  In 
the  meantime  Mr.  Petherick,  late  British  Consul  at  Khartum,  has 
furnished  the  Society  a  paper  on  his  journey  with  his  wife  and  Dr. 
Muire  up  the  Nile,  from  Khartum  to  Gondokoro,  in  order  to  meet  and 
assist  the  explorers.  They  sailed  for  some  time  up  the  river  by  the 
help  of  the  north  winds  that  blow  continuously,  but  these  at  length 
failing,  they  were  reduced  to  the  necessity  of  making  fast  a  rope  to 
reeds,  &c.,  and  then  hauling  themselves  along  by  means  of  this,  being 
nnable  to  tow  from  the  nature  of  the  river,  which  was  here  wide  and 
shallow,  and  bordered  by  swampy  marshes  extending  fur  inland. 
After  proceeding  some  way  in  this  manner,  Mr.  Petherick  despatched 
an  Arab  whom  he  trusted,  named  Abd-il-Magd,  to  Gk)ndokoro,  to 
obtain  tidings  of  Speke  and  Grant  Why  he  did  not  himself  proceed 
on  this  expedition  does  not  at  present  appear ;  and  Captain  Speke,  in 
a  letter  to  '  The  Times,'  complains  that,  as  fur  as  Mr.  Petherick  was 
concerned,  he  afforded  him  no  assistance  whatever ;  in  &ct,  had  it  not 
been  for  his  rival  in  trade,  Mr.  Debono,  the  East  African  expedition 
would  have  been  considerably  delayed,  if  not  entirely  frustrated.  Mr. 
Petherick  seems  to  have  been  deceived  by  Abd-il-Magd,  who  was 
carrying  on  a  little  secret  traffic  in  slaves  on  his  own  account,  and 
-who  returned  without  any  news  of  the  missing  travellers.  He  reported 
indeed  that  obtaining  no  tidings  at  Gondokoro,  he  had  gone  thence 
westward  to  a  place  called  Nyanbera,  where  the  consul  had  a  station, 
and  from  this  place  he  had  despatched  some  men  southward,  who 
were  obliged  to  return  in  a  few  days,  owing  to  the  disturbed  state  of 
the  country  and  their  inability  to  procure  better  food  than  a  few 
roots.  These  men  report  the  existence  of  a  large  sheet  of  water 
flowing  westward ;  but  how  much  reliance  is  to  be  placed  upon  this 
evidence,  we  as  yet  know  not  The  rascality  of  Abd-il-])£tgd  was 
soon  discovered  and  properly  punished.  Mr.  Petherick  pursued  his 
journey  to  Gk)ndokoro,  though  he  was  obliged  to  travd  by  land  west- 
ward in  order  to  obtain  porters,  the  demands  for  whom  were  exorbi- 
tantiyhigh.  He  offered  copper  bracelets,  but  cows  were  required,  and 
these  were  to  be  obtained  only  by  a  forage  on  territories  of  some  of 
the  neighbouring  tribes,  which  he  refased  to  attack.  At  last  he 
procured  both  men  and  donkeys,  and  arrived  at  his  own  station  at 
Nyanbera,  and  thence  he  proceeded  eastward  again  to  Gk>ndokoro. 
Here  he  found  Captains  Speke  and  Grant  already  arrived,  but  of 
coarse  he  was  too  late  to  afford  any  material  assistance ;  nevertheless. 
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his  name  and  the  news  of  his  approach  se^m  to  have  influenced  the 
African  potentates  in  releasing  dieir  guests,  who  were  glad  to  he  rid 
of  their  misplaced  hospitality.  Until  the  return  of  the  consul  to  this 
country,  it  will  of  course  be  impossible  to  judge  of  the  endeavours  he 
made  to  assist  the  course  of  discovery.  In  the  meantime  there  seems 
to  be  a  probability  that  Captain  Speke  may  again  be  leaving  this 
country  for  the  interior  of  AMca,  not  only  under  the  auspices  of  the 
Geographical  Society,  but  with  some  material  assistance  from  the 
Emperor  of  the  French. 

Three  papers  on  New  Zealand  have  been  read  before  the  Society. 
They  all  referred  to  the  Middle  Island  ;  the  first  being  an  Account  of 
an  expedition  to  the  west  coast  of  the  Middle  Island  by  Dr.  Hector  ; 
the  second,  a  Survey  of  the  lake  district  of  Otago,  by  James  M. 
Eerrow,  Esq.;  and  tiie  third,  On  the  southern  Alps  of  Canterbmy, 
Middle  Island,  New  Zealand,  by  Dr.  Haast.   The  mountains  described 
in  the  first  and  third  of  these  papers  are  extremely  interesting.    They 
rise  somewhat  near  the  west  coast :  first,  in  hills  covered  with  beech 
forests ;   then,  white-blossomed  willows  succeed ;  after  that,  rocky- 
boulders  announce  real  mountain  scenery.    These  New  Zealand  Alps 
are  remarkable  for  their  glaciers,  and  are  said  to  present  a  counterpart 
of  what  Scotland  must  have  been  in  what  is  caUed  the  glacial  aga    The 
snow  line  appears  to  be  about  8,000  feet  above  the  level  of  the  sea,  but 
is  higher  on  the  north-western  side  than  on  the  south-eastern,  the  former 
being  the  side  most  exposed  to  wind,  and  also  to  the  moisture  collected 
by  the  wind  in  its  passage  over  the  ocean.    But  though  the  snow  line  is 
so  elevated,  the  glaciers  push  down  into  the  valleys  as  low  as  3,500 
feet  above  the  sea.    A  glacier,  named  after  Dr.  Haast  at  the  ele- 
vation of  5,500  feet,  is  500  feet  thick.    Another,  the  Tasman  glacier, 
is  12  miles  long,  and  at  its  lower  extremity  is  a  mile  and  three- 
quarters  wide.  The  mountains  themselves  frequently  reach  the  height 
of  10,000  feet  in  isolated  peaks.     The  highest.  Mount  Cook,  is  80 
miles  from  the  west  coast,  and  reaches  the  elevation  of  12,460  feet 
(just  that  of  the  Adler  Pass  between  Saas  and  Zermatt).    The  cha- 
racter of  the  chain  is  peculiar— a  long  ridge  accessible  at  most  points, 
though  reaching  sometimes  8,000  feet,  interspersed  with  higher  cols, 
forms  the  watershed  of  the  island — the  streams  on  the  western  side 
running  in  torrents  to  the  sea,  whilst  the  eastern  flow  more  gently 
over  a  greater  extent  of  plain,  and  passing  through  some  extensive 
lakes,  which  act  as  locks  to  regulate  the  pace  at  which  the  collected 
waters  make  their  way  to  the  sea.     Some  of  these  lakes  are  of  great 
extent.    The  Te-Anan  and  Manipori  lakes  drain  a  district  of  many 
hundreds  of  milbs.    They  exhibit  traces  of  much  greater  depth  in  former 
times,  and  in  some  cases  the  rocks  run  sheer  down  to  the  water  from 
some  hundreds  of  feet  high.    Great  numbers  of  very  beautiful  trees 
are  found  in  various  localities,  fuchsia  and  tutu  growing  to  trees  with 
trunks  of  two  feet  in  diameter ;  beech,  pine,  and  totaru  being  plentiful 

A  low  pass  has  been  discovered  over  the  Andes  by  Don  Guilleimo 
Cox,  whose  paper,  translated  by  Sir  Woodbine  Parish,  was  read  before  the 
Society.  2,800  feet  was  the  altitude  at  which  the  summit  was  reached. 
The  discoverer  equipped  an  expedition  at  his  own  cost  at  a  German 
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Bettlement  called  Monti,  near  the  island  of  Chiloe,  on  the  western 
coast,  whence  he  proceeded  towards  the  large  lake  of  Naguel-hnapi 
(Lake  of  Tigers).  Here  they  found  a  river  flowing  eastward,  which 
they  descended  ;  bat  at  length  their  boat  was  capsized,  and  the  party 
escaped,  but  only  to  fall  into  the  hands  of  a  cacique  of  a  tribe  of  Pampas 
Indians,  who  wished  to  put  Senor  Cox  to  death,  but  was  diverted  from 
this  by  his  playing  on  his  flageolet.  At  last  the  cacique  was  induced 
to  assist  him  as  far  as  Bio  Negro.  The  discovery  was  thus  perfected, 
as  well  as  that  of  a  more  northerly  passage ;  but  the  utility  of  the 
discovery  is  at  present  dubious,  in  consequence  of  the  hostility  of  the 
Indians. 

This  paper  was  followed  by  one  on  a  railway  over  a  northerly  pass 
across  the  Andes,  at  a  height  of  16,500  feet,  though  a  lower  pass  has 
been  found  a  little  southward ;  but  this  latter  is  not  so  practicable  for 
engineering  purposes. 

Other  papers  read  before  the  Society  were, '  A  Narrative  of  an 
Exploring  Expedition  into  the  Interior  of  Western  Australia,*  by 
^  Maxwell  Lefroy,  Esq. ;  *  An  Exploration  of  tlie  Biver  Moisie  to  the 

^  Edge  of  the  Table-Land  of  the  Labrador  Peninsula,*  by  Henry  Yule 

^  Hind,  M.A.,  Trinity  College,  Toronto ;  and  one  on  '  The  Frontier  Pro- 

^  vinoe  of  Loreto,  in  North  Peru,'  by  Professor  Don  Antonio  Eaimondy, 

^  of  Lima. 

^  The  last  proceedings  of  the  Society  that  we  have  to  record  are  the 

s  various  ceremonials  of  the  Anniversary  Meeting.     The  report  speaks 

^  of  the  pecuniary  prosperity  of  the  Society,  notwithstanding  very 

i  liberal  grants  to  various  travellers.     The  library  and  map  room  have 

^  received  very  considerable  additions  through  the  liberality  of  many 

!*  donors.    Premiums  have  been  offered  for  instruments  suitable  for 

^  travellers,  and  a  room  has  been  set  apart  for  the  exhibition  of  such  as 

'  are  considered  usefiiL    The  medals  were  this  year  presented — the 

t  founder's,  to  Baron  von  der  Decken,  for  his  remarkable  journeys  from 

)  the  east  coast  of  Africa  to  the  mountains  of  Eilimandjoro,  20,065  feet 

above  the  sea  level,  and  covered  with  perpetual  snow — ^the  patron's, 

or  Queen's,  to  Captain  Grant,  the  companion  of  Captain  Speke,  who 

last  year  was  rewiurded  with  the  same  recognition  of  his  services  whilst 

still  at  Gondokoro. 

The  President,  in  recounting  the  geographical  discoveries  of  the 
year,  descanted  at  some  length  on  the  discovery  of  the  lake  Victoria 
Nyanza,  and  other  lakes  connected  with  it  or  lying  in  the  same 
region,  and  stated  that  the  council  had  determined  to  offer  1,0002. 
towards  an  expedition  up  the  White  Nile,  with  a  view  of  opening  out 
the  traffic  with  the  interior,  and  extending  the  influence  of  the  Pasha 
of  Egypt  in  that  direction,  thus  putting  a  stop  to  the  horrors  of  the 
slave  trade,  which  seems  to  infect  all  those  who  have  commercial 
intercourse  with  the  interior.  Beyond  this,  the  expedition  is  to 
explore  the  whole  of  this  enormous  lake  (larger  than  Scotland  accord- 
ing to  Captain  Speke),  and  gain  all  possible  acquaintance  with  the 
physical  geography  of  the  neighbouring  country.  The  President 
also  gave  a  very  elaborate  account  of  the  glacier  system  of  the 
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Himalayaa  and  &e  monntams  of  the  Central  Island  of  New  S^ealand, 
contraBting  and  oomparing  them  with  those  of  Europe,  and  showing 
their  power  in  modifying  the  physical  features  of  their  respective 
regions. 

The  role  against  the  continned  re-election  of  the  same  President 
has  been  suspended,  and  Sir  Roderick  Mnrchison  again  enters  npou 
the  duties  of  the  office,  which  he  has  filled  so  ably  during  the  past 
session. 


The  Ordnanob  Subvxt  of  Obeat  BitiTADr  ajxd  Ibslakd. 

By  that  large  class  who  love  good  maps,  the  announcement  that  the 
Ordnance  Survey  of  England  is  completed,  and  is  soon  to  be  within 
their  reach,  will  be  received  with  pleasure.    This  announcement  is 
made  in  the  Blue  Book,  reporting  the  progress  of  the  National  Survey 
up  to  the  dlst  of  December,  1863 ;  and  in  the  course  of  another  year 
or  two,  we  may  expect  to  have  the  maps  of  the  six  northern  counties, 
which  have  been  the  last  to  be  surveyed,  issued  to  the  public.     These 
counties  have  the  special  privilege  of  being  published  on  three  different 
scales,  namely,  25,  6,  and  1  inch  to  a  mue.     It  has  always  appeared 
to  us  that  the  first  of  these  is  unnecessarily  large  for  a  national  survey, 
and  is  only  justifiable  for  towns  and  special  districts.     For  landowners 
it  is,  doubtless,  a  great  boon  to  have  a  survey  of  their  property  made 
free  of  expense  to  themselves,  and  on  a  scale  which  would  enable  them 
to  measure  the  breadth  of  a  furrow  in  a  ploughed  field ;  but  for  the 
general  purposes  of  the  public  such  a  scale  appears  absolutely  useless, 
and  we  dierefore  maintain  that  the  public  should  not  be  saddled  with 
the  cost  of  engraving  maps  from  which  they  can  derive  no  benefit.     On 
the  other  hand,  it  may  be  replied  that  one  survey  is  sufficient  for  any 
number  of  smaller  scales,  and  that  the  measurements  once  taken  for 
the  25-inch  maps  only  require  a  proportionate  reduction  in  the  plotting 
for  the  smaller  scales.    Besides  this,  it  seems  probable  that  the  pro^ 
duce  of  the  sale  of  the  25-inch  maps  will  ultimately  cover  the  cost  of 
publication ;  as  the  return  of  sale  (including  the  value  of  those  copies 
supplied  to  the  public  department)  is  set  down  for  the  past  year  at 
2,1352.  for  England,  and  2,6242.  for  Scotland. 

The  value  of  the  maps  on  the  1-inoh  and  6-inoh  scales  will  not  be 
disputed.  As  a  matter  of  choice  we  should  have  preferred  a  2-inoh  to 
a  1-inch  scale,  for  the  latter  is  so  small  in  reference  to  the  multiplicity 
of  objects  in  populous  districts  that  exaggeration  and  distortion  can- 
not be  avoided.  This  is  particularly  observable  in  laying  down  the 
turnpike  roads,  so  as  to  distinguish  them  from  country  and  parish 
lanes ;  on  a  scale  of  twice  tiiis  si^e  any  undue  enlargement  woidd  be 
unnecessary.  We  make  these  remarks  because  we  feel  satisfied  that  a 
re-survey  of  a  large  part  of  England  will  be  undertaken  on  the  com- 
pletion of  the  whole  kingdom.  This  is  especially  to  be  desired  in 
respect  of  the  southern  counties  of  Cornwall,  Devon,  Wilts,  <&c., 
which  were  amongst  the  first  to  be  surveyed,  and  the  maps  of  which 
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in  point  of  execution  are  veiry  &r  behind  those  now  being  issued 
under  the  able  management  of  Colonel  Sir  Henry  James  and  his 
assistants.  Indeed,  we  can  scarcely  speak  too  highly  of  the  typo- 
graphical accuracy  and  artistic  skill  exhibited  in  the  hill-shading, 
and  general  portraiture  of  the  landscape  features  in  some  of  the  more 
recently  published  1-inch  maps  of  the  north  of  England  and  Scotland, 
arising  from  the  general  advance  in  this  art,  and  the  great  care  bestowed 
on  the  work,  both  in  the  field  and  in  the  offices  of  the  survey.  But 
beyond  aU  this,  it  is  scarcely  to  be  endured  that  the  great  manufacturing 
and  mining  districts  of  Staffordshire,  Warwickshire,  Derbyshire,  and 
South  Wales  should  be  put  off  with  maps  on  the  1-inch  scale  alone — 
while  other  counties  which  have  no  higher  claim  in  point  of  industrial 
pursuits,  or  extent  of  population,  have  the  advantage  of  maps  on  much 
larger  scales.  In  the  mining  districts  of  LancaiSiire  and  Yorkshire 
the  6-inch  maps  are  general  fiftvourites,  and  are  very  largely  used  for 
colliery  purposes.  For  the  mining  districts  of  the  central  counties 
and  Wales,  similar  maps  would  doubtless  be  most  valuable,  but  in 
order  to  their  completion  new  surveys  will,  we  presume,  have  to  be 
undertaken,  and  the  proposition  we  venture  to  ma^e  is  this,  that  along 
with  the  6-inch  maps,  others  on  a  scale  of  2  inches  to  a  mile  be  pub- 
lished simultaneously.  The  1-inch  maps,  both  of  the  Geological  and 
Ordnance  Surveys,  might  of  course  remain  as  they  are. 

In  Scotland  the  progress  of  the  survey  has  lately  been  rapid,  in 
obedience,  we  may  suppose,  to  the  demands  of  some  of  the  Scotch 
Members  of  Parliament.  The  whole  of  the  Lowlands,  with  the  High- 
land districts  of  Perthshire,  are  surveyed,  and  are  in  course  of  publica- 
tion on  the  three  scales  of  25,  6,  and  1  inch  to  a  mile.  What  may  be 
the  object  of  publishing  parish  maps  of  Highland  moors  and  moun- 
tains on  the  25-inch  scale  we  cannot  devine,  except  perhaps  for  the 
purpose  of  defining  with  accuracy  the  lands  beyond  which  neighbouring 
sportsmen  would  be  liable  to  penalty  for  trespass.  It  strikes  us,  how- 
ever, that  the  6-inch  scale  might  have  been  sufficiently  large  for  this 
purpose.  Speaking  from  experience,  we  have  never  found  any  difficulty 
when  traversing  the  moors  of  the  north  of  England  with  the  6-inch 
map  for  a  guide,  in  ascertaining  exactly  when  we  passed  from  one  peat- 
bog to  another  across  the  narrowest  possible  ditch  or  line  of  demarca- 
tion, and  in  determining  with  certainty  our  position  on  the  ground. 

As  regards  Ireland,  the  plans  of  every  county  have  been  engraved 
and  published  on  a  scale  of  6  inches  to  a  mile,  but  as  the  plans  of  the 
northern  counties,  which  were  first  surveyed,  were  made  without  that 
amount  of  detail  which  is  now  found  necessary  for  the  local  valuation 
and  assessments,  these  maps  are  being  revised  ''  at  a  great  additional 
expense."  Hence,  as  is  frequently  proved  to  be  the  case,  it  would 
have  been  cheaper  in  the  end  to  have  done  the  work  well  at  the 
beginning.  The  whole  of  the  1-inch  map  is  engraved  and  published 
in  outline,  and  the  engraving  of  the  hills  is  being  proceeded  with. 

Maps  of  most  of  the  cities  and  towns  of  any  importance  in  the 
three  kingdoms  are  published,  or  drawn,  on  scales  of  5  feet,  or  10 
feet  to  the  inch ;  these  have  been  proved  most  useful  for  the  purpose 
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of  sewage,  water  supply,  repairs,  and  yalnatioii.      The  following  is  a 
snmmaij  of  the  present  state  of  the  Ordnance  Survey  publications  : — 

England.— Area,  58,000  square  miles. 
The  whole  has  been  surveyed,  and,  with  the  exception  of  a  small  part 
of  the  northern  counties,  is  published  on  the  l-in<3i  scale.  The  6-iDch 
maps  of  Lancashire,  Yorkshire,  Westmoreland,  and  Durham,  containing 
9,743  square  miles,  have  been  published;  the  engraving  of  those  of 
Northumberland  and  Cumberland  is  far  advanced.  The  six  northern 
counties,  and  the  southern  counties  of  Essex,  Hampshire^  Kent,  Middlesex, 
and  Surrey,  are  being  published  on  the  scale  of  25  inches  to  a  mile. 

Wales. — ^The  whole  principality  is  published  on  the  1-inch  scale. 

Scotland. — ^Area,  30,000  square  miles. 

The  1-inch  maps,  with  hill  shading,  have  been  published  to  the  extent 
of  5,047  square  mUes,  belonging  principallv  to  the  shires  of  Ayr,  Wigton, 
Kirkcudbright,  Dumfiies,  Edinburgh,  and  HaddingtoD,  and  the  Isle  of 
Lewis ;  whue  the  whole  of  the  tract  south  of  the  Friths  of  Forth  and  Clyde 
is  engraved  in  outline. 

On  the  6-inch  scale  nearly  the  whole  of  the  district  south  of  the  Friths 
of  Forth  and  Clyde  has  been  published,  with  the  exception  of  parts  of  the 
shires  of  Renfrew  and  Lanark.  Besides  these,  uarts  of  Fifeshire  and  the 
Isle  of  Lewis  have  been  completed,  making  in  au  7,652  square  miles. 

On  the  25-inch  scale,  plans  of  pariBhes  for  the  counties  of  Ayr,  Ber- 
wick, Dumbarton,  Dumfries,  Lanark,  LiDlithgow,  Peebles,  Renfrew,  Rox- 
bui^h,  and  Selkirk,  have  been  published. 

Besides  the  above,  the  maps  of  Perthshire  and  StirUngshire  are  in 
course  of  preparation,  and  the  surveyors  are  carrying  on  their  field-work 
amongst  the  nighlands  of  Aberdeenshire  and  Aigyleshire. 

Ireland.— Area,  32,813  square  miles. 

The  outline  maps  on  the  1-inoh  scale  have  been  published  for  the  whole 
country.  The  hill  shading  of  these  maps  is  in  progress,  and  an  area  of 
3,557  square  miles  belonging  to  the  counties  of  Donegal,  Londonderry, 
Meath,  and  Dublin  has  been  published. 

With  reference  to  the  6-inch  maps,  it  has  been  already  stated  that  they 
have  been  completed  for  the  whole  country,  but  that  those  of  the  province 
of  Ulster  have  been  found  to  require  revision.  This  has  been,  to  a  great 
extent,  accompUshed. 


VL  GEOLOGY  AND  PALEONTOLOGY. 

(Including  ihe  Proceedings  of  the  Geological  Society.) 

Whilb  new  facts  are  generally  more  or  less  plentiful  in  all  sciences 
of  observation  or  experiment,  new  theories  worth  anything  are  few  and 
far  between,  at  any  rate  in  Geology ;  and  although  every  new  fact 
must  be  to  some  extent  an  advance,  a  new  theory  may  be,  and  often  is, 
the  cause  of  a  decided  retreat.  But  if  a  theory  can  withstand  such  a 
test  as  a  well-directed  effort  at  its  proof,  it  may  be  considered  an 
advance  in  science,  as  also  may  one  which  explains,  or  assists  in  ex- 
plaining, in  a  rational  manner,  causes  of  phenomena  hitherto  obscure. 
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Of  the  many  geological  phenomena  whose  causes  are  stiU  more  or 
less  obscnre,  that  of  the  elevation  and  depression  of  portions  of  the 
earth's  crust  is  one  of  the  greatest  importance,  because  of  its  being 
an  element  of  change  always  present  in  the  mind  of  the  geologist, 
and  one  of  the  greatest  difficulty  because  of  the  protean  character 
of  the  circumstances  attending  its  production,  as  well  as  on  account 
of  the  numerous  secondary  results  of  which  it  is  the  proximate 
cause. 

A  new  theory  of  elevation  and  depression  has  recently  been  pro- 
pounded by  Professor  Bischof  (in  a  second  German  edition  of  his 
<  Lehrbuch  der  chemischen  und  physikalischen  Greologie '),  who  con- 
siders that  all  the  observed  phenomena  can  be  explained  by  supposing 
them  to  have  resulted  from  an  increase  or  decrease  of  volume  in 
deeply-seated  rocks,  in  consequence  of  the  more  or  less  complete  dis- 
placement of  the  silica  of  tiieir  silicates  by  carbonic  acid.  The 
chemical  action  and  the  physical  result,  which  are  together  believed 
by  the  author  to  be  the  cause  of  the  phenomena  in  question,  may 
conceivably  take  place  in  nature,  as  we  know  that  they  can  be  pro- 
duced by  experiment 

Qeologists  have  long  been  aware  that  the  greater  portion  of  the 
Scandinavian  area  has  for  ages  been  gradually  rising  at  the  rate  of  a 
few  inches  in  a  century,  and  this  circumstance  has  hitherto  baffled  the 
ingenuity  of  every  one  who  has  attempted  to  explain  it.  But  Professor 
Bischof 's  statement  that  the  country  is  undergoing  this  upheaval  only 
in  those  portions  of  it  where  siliceous  rocks  occur,  renders  it  very 
probable  that  his  theory  will  apply  to  a  case  of  this  kind,  for  he  would 
scarcely  make  a  statement  of  such  importance  had  he  not  ascertained 
the  fact  to  be  such  as  he  represents  it.  In  a  similar  manner  he  ex- 
plains the  sinking  of  Greenland,  the  hydrous  silicates  which  occur 
there  undergoing  a  loss  of  volume  through  the  displacement  of  the 
silica  by  carbonic  acid. 

It  is,  therefore,  very  probable  that  Professor  Bischof 's  theory  may 
be  found  to  apply  to  such  cases  of  gradual  upheaval  and  depression, 
and  thus  it  is  surely  a  great  advance  in  our  knowledge  of  geological 
causes.  Had  the  distinguished  author  been  contented  with  this  limited 
application  of  his  hypothesis,  we  should  not  have  been  disposed  to 
cavil  at  any  of  his  arguments ;  but  when  he  strives  to  account  for  the 
dislocation,  contortion,  and  overturning  of  strata  by  merely  supposing 
the  upheaval  to  have  been  of  unequal  amount  in  different  places,  we 
confess  that  we  are  more  than  sceptical.  It  is  easy  for  a  chemist  in 
his  laboratory  to  propound  such  an  hypothesis,  but  it  is  equally 
easy  for  a  geologist  in  the  field  to  see  that  it  is  very  improbable,  if 
not  impossible. 

Leaving  now  the  region  of  theory,  we  may  remark  that  the  first 
annoimcement  of  a  new  and  startling  fact  is  often  a  much  less  impor- 
tant episode  in  the  history  of  its  discovery  than  the  first  attempt  at 
its  confirmation.  The  case  which  we  are  about  to  notice,  namely,  the 
discovery  of  fossils  in  the  Laurentian  rocks  of  Canada,  weU  illus- 
trates this  proposition,  for  when  the  announcement  was  first  made  by 
Sir  William  Logan,  nearly  ^Ye  years  ago,  at  a  meeting  of  the  Ameri- 
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can  Association  for  ihe  adyancement  of  science,*  iihat  one  of  the 
geologists  of  the  Canadian  Survey,  Mr.  John-M^'Mallin,  had  found 
some  specimens  in  the  Lanrentian  formation  of  Ottawa,  which 
appeared  strongly  to  resemble  the  fossils  from  the  bird's-eye  lime* 
stone  known  under  the  generic  name  of  SironuUocerium,  the  statement, 
though  printed  in  most  of  the  scientific  journals,  receiyed  but  little 
credence ;  but  now  that  it  is  made  for  the  second  time,  it  has  attracted 
the  attention  of  most  palsBontologists,  and  won  the  belief  of  not 
a  few. 

One  of  the  original  specimens  is  figured  in  Sir  William  Logan's 
'  Geology  of  Canada,'  and^  as  he  obseryes,  it  certainly  bears  a  won- 
derful resemblance  to  Stromatoporaj  which  genus,  we  belieye,  is  now 
thought  to  belong  to  the  class  Polyzoa,  The  Geological  Suryey  of 
Canada  has  recently,  howeyer,  had  the  good  fortune  to  find  other  spe- 
cimens of  the  same,  or  a  similar  organism,  in  the  serpentine-limestone 
of  Grenyille ;  and  as  these  specimens  haye  been  carefully  prepared  for 
a  rigid  examination,  which  bias  been  undertaken  by  Dr.  Dawson,  F.B.S., 
F.G.S.,  who  is  well  known  as  an  able  inyestigator  of  the  minute  strac- 
ture  of  fossils,  and  who  considers  them  to  be  Foraminifera,  there 
appears  to  be  no  longer  room  for  doubt  as  to  their  organic  character, 
though  until  Dr.  Dawson's  figures  and  descriptions  are  published,  the 
place  they  really  occupy  in  the  animal  kingdom  must  remain  nn- 
certain. 

The  Laurentian  rocks  of  Canada  are  older  than  any  of  the  British 
strata,  with  the  exception,  perhaps,  of  some  masses  of  granitic  gneiss, 
which  are  supposed  by  many  eminent  geologists  to  be  their  equiya- 
lents,  and  whidi  occur  in  the  extreme  north-west  of  Scotland  and  in 
the  neighbouring  isles.  This  statement  may  giye  some  idea  of  the 
antiquity  of  the  fossils,  but  their  date  is  even  more  remote  than  wonld 
be  supposed  from  a  comparison  of  that  nature,  for  Sir  William  Logan 
has  recently  discoyered  that  the  Laurentian  system  consists  of  two 
great  groups,  the  upper  of  which — ^the  Labrador  series — rests  unoon- 
formably  upon  the  more  ancient  or  Laurentian  series,  and  it  is  in  the 
latter  that  these  fossils  haye  been  found.  Below  the  whole  series  of 
British  stratified  rocks  and  their  unconformities  it  is  therefore  neces- 
sary to  add  the  Labrador  series,  then  another  unconformity,  and  another 
great  series  of  rocks,  and  not  until  then  do  we  arriye  at  the  geological 
position  of  these  old  Foraminifera, 

There  is  yet  another  point  of  interest  connected  with  these  ancient 
organisms,  namely,  their  mineralization,  Mr.  Sterry  Hunt  haying 
determined  the  substance  which  was  formerly  supposed  to  replace  the 
calcareous  skeleton  of  the  animal,  but  which  is  now  known  to  fill  up 
the  interspaces,  to  be  true  serpentine  ;  so  that,  although  it  was  pretty 
certain  before,  there  can  now  be  no  doubt  whateyer  that  that  rock  is 
sometimes  of  metamorphic  origin. 

In  a  recent  memoir,  M.  Alphonse  Milne-Edwards  discusses  the 
'Geological  Distribution  of  Fossil  Birds.'  Although  most  of  the 
fossil  remains  of  birds  hitherto  discoyered  haye  been  found  in  Ter- 

*  See  'Oanadian  Naturalist  and  Geologist.*  yol.  iy«  1859,  p.  800. 
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tiary  strata,  yet  they  are  known  to  have  eziBted  at  a  period  as  early, 
perhaps,  as  that  of  the  Gonnecticat  sandstone,  the  footprints  so  abun- 
dant in  that  rock  exhibiting  characters  such  as  belong  normally  to  this 
class  only ;  but  inasmuch  as  bones  of  birds  have  not  yet  been  found  in 
the  same  rock,  the  fact  of  the  existence  of  such  animals  at  this  remote 
period,  can  scarcely,  as  yet,  be  considered  established,  althot^h  Pro- 
fessor Dana,  in  analysing  a  coprolite  discovered  near  the  footprints, 
found  in  it  so  large  a  quantity  of  uric  acid  as  to  render  it  probable 
that  it  had  been  formed  by  a  bird. 

If  birds  existed  in  the  Triassic  periods,  their  descendants  or  allies, 
must  have  lived  during  the  deposition  of  all  the  succeeding  strata ; 
and,  until  the  discovery  of  the  ArchcBopteryx,  this  was  the  only  reason 
that  could  be  given  for  supposing  them  to  have  existed  during  the 
Jurassic  epoch.  The  discovery  of  that  noted  fossil  supplied  a  link, 
until  then  wanting,  in  the  life-history  of  the  class,  and  thus  rendered 
the  probability  of  the  Connecticut  footsteps  being  due  to  birds  much 
greater  than  it  was  before,  by  diminishing,  in  a  wonderful  degree,  the 
gap  between  the  two  oldest  known  indications  of  ornithic  life.  The 
ArcJuBopteryx  has  been  described  scientifically  by  Professor  Owen,  and 
popularly  by  a  dozen  or  so  of  sot-disant  ornithologists,  so  that  further 
notice  of  it  need  not  be  taken  here. 

Most  of  the  bones  of  supposed  birds  found  in  Cretaceous  strata 
have  turned  out  to  belong  to  other  classes  of  animals,  and  in  their 
investigation  even  Professor  Owen  appears  not  to  have  been  free  from 
error,  as  he  described,  under  the  name  of  CimoKomis  Diomedeus,  some 
remains  found  by  Lord  Enniskillen  in  the  chalk  near  Maidstone, 
which  were  afterwards  shown  by  Dr.  Bowerbank  to  be  reptilian,  and 
probably  to  belong  to  Pierodactylus  giganteus.  The  result  at  which 
the  author  arrives  is  that  the  only  undoubted  evidences  of  Cretaceous 
birds  are— (1),  Their  remains  discovered  by  the  late  Mr.  Barrett  in 
the  Cambridge  Greensand ;  and  (2),  Those  cited  by  Mr.  Harlan  from 
the  Greensand  of  New  Jersey. 

Bespecting  the  ornithic  fauna  of  the  Tertiary  period,  it  must  be 
sufficient  to  remark  that  remains  of  about  12  genera,  represented  by 
many  species,  have  been  found  in  the  Paris  Basin,  besides  at  least 
seven  kinds  of  tracks ;  and  that  the  Miocene  and  later  strata  have 
afforded  still  more  numerous  remains,  and  the  author  of  this  paper 
indicates  in  it  the  characters  of  twelve  new  species  from  the  Miocene 
strata  of  the  Limagn^.  It  must  also  be  remembered  that  while  a  single 
species  is  of  great  interest  when  it  constitutes  all  that  is  known  of  a 
&una,  it  sinks  into  comparative  insignificance  when  it  forms,  perhaps, 
but  the  fiftieth  part  of  a  known  population. 

M.  Alphonse  Milne-Edwards  concludes  his  paper  by  observing — 
(1)  That  the  existence  of  Qastomia  Parisiengia  and  of  the  imprints  of 
gigantic  feet  in  the  PariR  gypsum  shows  that  during  Eocene  times  there 
existed  a  fauna  at  least  as  perfect  as  that  of  the  recent  period ;  (2)  That 
the  birds  of  the  Miocene  period  differed  but  little  from  those  of  the  pre- 
sent day,  certain  families,  however,  such  as  the  PhcenicopteridcB,  which 
are  scantily  represented  now,  being  rich  in  genera  and  species  then ;  and 
(3)  That  in  the  Quaternary  period  only  the  fauna  of  the  present  day 

2  K  2 


478  Chronidea  of  Science.  t'^uly, 

existed,  such  extinct  species  as  occur  in  deposits  of  that  age  having 
since  disappeared  through  the  agency  of  man. 

Dr.  Duncan  has  given  in  full  the  results  of  his  researches  on  the 
Fossil  Corals  of  Scinde,  in  a  paper  which  appeared  in  the  April  num- 
ber of  the  '  Annals  and  Magazine  of  Natural  History.'  He  findfl  that 
of  forty-two  species  occurring  in  the  Hala  mountains,  in  Scinde,  and  in 
Gutch,  fourteen  of  which  are  new,  at  least  eleven  species  are  not  of 
Eocene  date,  notwithstanding  that  MM.  D' Archiac  and  Haime  appear 
to  have  ignored  the  occurrence  of  coral-bearing  Miocene  strata  in  the 
great  chain  of  hills  extending  from  the  '  Salt-range '  almost  due  south 
to  Eurrachee,  as  they  referred  all  such  beds  to  the  Nummulitic  forma- 
tion. It  ha^  for  a  long  time  been  suspected  that  this  so-called 
Nummulitic  formation  of  India  might  include  a  later  Tertiary  deposit, 
as  was  originally  determined  by  Messrs.  Grant  and  Sowerby,  and  from 
what  has  recently  been  done  it  appears  that  there  is  now  very  little 
doubt  as  to  the  correctness  of  this  view,  notwithstanding  the  assertions 
to  the  contrary  made  by  MM.  D'Archiac  and  Haime  in  their  great  work 
on  the  fossils  from  the  strata  in  question. 

Mr.  Searles  Wood,  jun.,  has  this  quarter  published  another  con- 
tribution to  the  literature  of  the  more  recent  strata,  in  continuation  of 
those  noticed  in  the  last  number  of  this  JoumaL  fSrom  his  researches, 
as  detailed  in  his  memoir  "  On  the  Belgian  Equivalents  of  the  Upper 
and  Lower  Drift  of  the  Eastern  Counties,"  published  in  the  *  Annals  and 
Magazine  of  Natural  History '  for  May,  it  appears  that  the  sands  and 
gravels  underlying  the  Boulder-clay  in  Norfolk,  Suffolk,  and  Essex,  to 
which  he  has  given  the  name  "  Lower  Drift,*'  are  probably  the  equiva- 
lents of  the  Campinian  sands  of  Belgium  ;  and  that  the  Boulder-clay, 
or  "  Upper  Drift,''  is  the  equivalent  of  the  Loess  of  Belgium  and  the 
Bhine.  This  view  differs  essentially  from  that  taken  by  many  eminent 
geologists  respecting  the  correlation  of  these  deposits,  and  as  the  ques- 
tion rests  entirely  on  stratigraphical  and  physical  considerations,  it 
can  be  discussed  only  by  those  who  possess  very  considerable  local 
knowledge  of  the  deposits. 

Mr.  Wood's  papers  have,  however,  placed  the  matter  on  a  footing 
somewhat  different  from  that  on  which  it  rested  previously  to  their 
publication,  for  he  has  applied  the  terms  "  Upper  Drift "  and  "  Lower 
Drift "  to  deposits  which  have  until  now  be^  confounded  together, 
with  other  more  recent  accumulations,  under  the  general  title  of 
"  Drift."  So  indefinite  has  been  the  meaning  attached  to  this  word 
*^  Drift,"  in  respect  of  the  age  of  the  deposits  to  which  it  has  been 
applied,  that  Mr.  Wood  does  not  appear  to  have  been  quite  happy  in 
his  choice  of  terms ;  for  if  we  confine  the  application  of  the  term 
"  Upper  Drift "  to  the  Boulder-clay,  and  of  that  of  "  Lower  Drift "  to 
the  sands  and  gravels  between  it  and  the  Bed  Crag,  which  have  never 
before  been  treated  of  as  a  distinct  deposit,  what  are  we  to  call  aU 
those  accumulations  of  sand,  gravel*  and  clay,  which  are  newer  than 
the  Boulder-clay,  and  to  whidi  the  term  '*  "Drift "  has  hitherto  been 
more  commonly  applied  ? 
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PfiOGEEDIKGS  OF  THE  GbOLOOIGAL  SoOIETT. 

The  last  number  of  the  Quarterly  Journal  ^f  this  Society  can 
scarcely  be  said  to  be  *'  full  of  interest "  in  other  than  a  purely  tech- 
nical sense ;  but  the  Anniyersary  Address  of  the  President,  Heir  yon 
Eoenen's  paper  on  Oligocene  Deposits  in  England,  Professor  Hind's 
remarks  on  Glacial  Drift,  and  a  memoir  on  Permian  Rocks,  by  Sir 
B.  I.  Murchison  and  Professor  Harkness,  all  contain  matter  of  general 
interest;  we  shall,. therefore,  notice  them  first,  and  then  discuss  the 
Annual  Beport  of  the  Council. 

1.  Professor  Ramsay's  Anniyersary  Address  is  prefaced,  as  usual, 
by  the  award  of  the  Wollaston  Medal  and  Donation-fund,  the  former 
of  which  was  this  year  giyen  to  Sir  R.  I.  Murchison ;  and  were  it  not 
for  the  President's  explanation — that  the  distinguished  recipient  had 
seryed  uninterruptedly  on  the  Council  of  the  Society  for  thirty-two 
years,  and  was  thus  preyented  from  haying  conferred  upon  him  before 
an  honour  he  so  well  deseryes — we  should  haye  maryelled  at  the 
omission.  The  accident  of  his  temporary  retirement  from  the  Coun- 
cil, as  one  of  its  senior  members,  has  been  well  and  gracefally  taken 
adyantage  of  by  his  associates  for  the  purpose  of  showing  their  appre- 
ciation of  his  yast  seryices  to  geology  in  a  manner  so  agreable  to 
himself. 

The  Address  itself  is  a  continuation  of  that  of  last  year,  noticed  in 
the  last  number  of  this  Journal.  As  on  the  former  occasion.  Professor 
Ramsay  discussed  the  *' Breaks  in  the  Succession  of  the  British 
PalaBOzoic  Strata,"  so  in  this  Address  he  treats  more  especially  of  the 
"  Breaks  in  the  Succession  of  the  British  Mesozoic  Strata ;"  but  there 
are  some  collateral  subjects  discussed  first,  to  which  we  must  refer  for 
a  moment. 

The  first  subject  is  that  of  the  "  Commencement  of  the  Preyalenoe 
of  Secondary  Grenera  in  Carboniferous  Times,"  and  it  is  certainly  a 
remarkable  one  as  treated  by  Professor  Ramsay.  Eyery  disbelieyer 
in  cataclysms  and  sudden  great  creations  must  haye  long  been  fiuniliar 
with  the  idea  that  some  of  the  secondary  genera  appeu^  by  degrees 
for  the  first  time  during  some  one  or  more  of  the  PalsBOZoic  periods ; 
but,  so  far  as  we  know,  it  has  neyer  before  been  shown  what  great 
fauna  contains  the  first  faint  indication  of  secondary  types.  We  may 
be  certain  of  the  existence  of  a  needle  in  a  haystack,  but  few  of  us  haye 
the  energy  or  the  skill  to  find  it.  But  it  is  just  such  an  operation  as 
would  be  required  in  that  case,  that  Professor  Ramsay  has  performed 
with  the  yast  mass  of  Palaaozoic  genera. 

Referring,  next,  to  the  enormous  lapse  of  time  between  the  Permian 
and  the  Trias,  as  eyidenced  by  "  the  disturbance,  contortion,  partial 
upheayal  into  land,  and  yast  denudations  which  the  PalsBozoic  rocks 
underwent  before  and  during  the  deposition  of  the  New  Red  Sandstone 
in  the  west  of  Europe,"  and  as  sufiicient  reason  why  there  should  be 
BO  great  a  difference  between  the  fauna  of  the  latest  PalsBozoic  period, 
and  that  of  the  earliest  Secondary  epoch,  Professor  Ramsay  then  dis- 
cusses the  relations  of  the  faxaaa  of  the  different  Secondary  formations 
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and  their  subdiyisions.  He  bases  bis  argnments  npon  the  percentages 
of  species  common  to  the  fonnations  next  in  time  to  one  another,  as 
shown  in  tables  perfectly  bewildering  in  their  complexity,  and  accord- 
ing as  he  finds  then^  great  or  small,  aided  by  stratigraphical  consider- 
ations, so  does  he  infer  the  existence  or  non-existence  of  an  nncon- 
formity  or  of  a  break  between  them. 

The  two  principal  breaks  shown  to  exist  are — 1.  That  between  the 
Banter  and  Keuper  strata — represented  on  the  continent  by  the  Mns- 
chelkalk  and  the  St.  Cassian  beds;  and — 2.  That  between  theOolitie 
and  Cretaceous  formations,  which  is  represented,  wholly  or  in  part,  by 
the  Wealden  and  Purbeck  beds. 

In  conclnsion  Professor  Eamsay  enunciates  a  general  principle 
which  he  has  inferred  from  his  researches  on  breaks  in  succession,  as 
follows : — ''  Making,  as  we  can  often  do,  all  liberal  allowances  for  diver- 
sities of  marine  and  terrestrial  conditions,  I  cannot  resist  the  general 
inference  that,  in  caaea  of  superposition,  in  proportion  as  the  species  are 
more  or  less  comiinuQUS,  thai  is  to  say,  as  the  break  in  life  is  partial  or 
complete^  first,  in  the  species,  hut  more  importantly  in  the  loss  of  old  and 
the  appearance  of  new  aUied  or  undUied  genera,  so  was  the  iTUerval  of 
time  shorter  or  longer  that  elapsed  between  the  close  of  ihe  lower  and  (he 
commencement  of  the  upper  formation ;  and  so  it  often  happens  that 
strata  a  few  yards  in  thickness,  or,  more  notably  still,  the  absence  of 
these  strata,  may  serve  to  indicate  a  period  of  time  as  great  as  that 
represented  by  the  vast  accumulations  of  the  whole  Silurian  series." 
Let  him  now  calculate  the  age  of  the  world  who  can. 

2.  Herr  von  Eoenen's  short  paper,  ''  On  the  Oligocene  Deposits  of 
Belgium,  Northern  Gtermany,  and  the  South  of  England,*'  is  the  result 
of  a  visit  made  by  the  author — a  young  Grerman  geologist — to  the  Isle 
of  Wight  and  Hampshire,  during  which  he  managed  to  show,  by  means 
of  fossils  collected  by  himself,  that  certain  strata  known  as  the  Middle 
Headon  beds,  which  contain  freshwater  shells  in  the  Isle  of  Wight, 
but  marine  fossils  at  Brockenhurst,  belong  to  the  Lower  Oligocene 
formation  of  Grermany.  Of  course  Herr  von  Eoenen  advocates  the 
adoption  of  Professor  Beyrich's  term  "  Oligocene,"  on  the  propriety, 
or  rather  the  necessity,  of  which  opinions  are  divided  in  England,  but 
the  question  is  too  complicated  to  be  discussed  in  an  abstract. 
However,  the  paper  shows  us  that  in  that  often-explored  region — 
the  Isle  of  Wight  and  Hampshire — the  young  geologist  may  still  be 
rewarded  by  making  discoveries  of  interest. 

3.  In  his  paper  on  ^'Supposed  Glacial  Drift  in  the  Labrador 
Peninsula,  Western  Canada,  and  on  the  South  Branch  of  the  Saskat- 
chewan," Professor  Hind  describes  phenomena,  some  of  which  occur 
on  so  grand  a  scale  that,  paradoxical  as  it  may  appear,  they  would  be 
overlooked  by  the  ordinary  observer.  Many  of  these  phenomena  have 
resulted  from  the  operation  of  the  forces  that  produced  the  present 
physical  configuration  of  the  surface.  Of  this  nature  are  the  terraces 
so  abundant  in  the  line  of  country  between  Lake  Winnipeg,  and  the 
Grand  COteau  de  Missouri,  in  which  region  occur  several  precipitous 
escarpments  facing  North  or  North-east,  the  opposite  face  of  the 
mountain  always  consisting  of  gently  sloping  plateaux  separated  by 
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terraces.  These  escarpments,  though  hundreds  of  miles  in  length, 
are  all  roughly  parallel  to  one  another,  and  appear  to  have  a  common 
origin.  The  author  considers  that  they  are  aJl  due  to  glacial  action 
in  some  form  or  another,  and  he  adopts  Mr.  Jamie^on's  explanation  of 
the  origin  of  the  Parallel  Beads  of  Glen  Boy  to  account  for  the 
formation  of  the  beaches  and  terraces  of  North  America.  The 
probability  of  their  not  being  due  to  the  action  of  the  sea  is  increased 
by  a  very  curious  fact,  namely,  that  in  the  state  of  Wisconsin  there  is 
an  area  of  more  than  8,000  square  miles  in  extent,  which  is  perfectly 
barren  of  drift  and  terraces,  and  in  which  no  organic  remains  have 
been  found  other  than  those  of  PalsBOzoic  rocks,  with  the  exception  of 
those  of  land-animals  and  plants.  The  inference  drawn  from  these 
facts  by  the  geologist  who  explored  the  region — Professor  Whitney — 
was  that  this  area  has  not  been  submerged  since  the  Upper  Silurian 
period.  If  this  be  so,  of  course  the  terraces,  beaches,  and  drift  in  the 
neighbouring  regions  could  not  have  been  the  result  of  the  action  of 
the  sea,  but  must  have  been  produced  by  a  local  cause  ;  and  the  same 
inference  wiU  hold  good*if  it  can  be  shown  that  the  driftless  area  of 
Wisconsin  has  remained  aboye  the  level  of  the  sea  ever  since  the 
dose  of  the  Pliocene  period,  a  conclusion  much  more  likely  to  be 
accepted  than  the  larger  inference  of  Professor  Whitney.  The  re- 
markable abundance  of  erratics  in  the  regions  described  renders  their 
absence  in  the  "  Driftless  Area  "  still  more  singular,  although  in  the 
valley  of  the  Moisie  they  appear  to  be  entirely  wanting  at  less  heights 
above  the  sea  than  1,000  feet. 

Professor  Hind  endeavours  to  explain  all  the  phenomena,  including 
beaches,  terraces,  escarpments,  lakes,  strisB,  &c.,  as  well  as  the  forced 
arrangement  of  blocks  of  limestone  (at  an  angle  of  about  45*)  in 
Boulder-day,  by  reference  to  ice-action,  either  direct  or  indirect ; 
and  he  also  reminds  us  that  he  promulgated  the  view  that  the  great 
lakes  were  excavated  by  ice  in  the  year  1859.  His  views  regarding 
the  particular  form  of  ice-action  by  means  of  which  lake-basins  have 
been  excavated  appear  rather  improbable ;  he  supposes  that  anchor- 
ice,  formed  in  the  rapid  streams  issuing  from  glaciers,  may  have  begun 
the  excavation  by  floating  masses  of  rock  from  their  beds  to  the 
surface,  and  that  the  glacier  itself  may  have  afterwards  enlarged  the 
depression.  It  is  easy  to  see  that  the  formation  and  action  of  anchor- 
ice  could  not  be  continued  very  long,  as  the  process  is  self-destroying ; 
for  in  proportion  as  the  depression  produced  became  larger  and 
deeper,  the  quantity  of  anchor-ice  formed  would  become  less,  that  is, 
granting  the  author's  own  premises ;  and  it  seems  scarcely  probable 
that  a  glacier,  if  it  can  excavate  a  lake-basin,  should  do  so  at  or  near 
its  termination,  or  where  it  is  on  the  point  of  melting,  its  force  being 
there  reduced  to  a  minimum. 

4.  The  chief  object  of  the  paper  "  On  the  Permian  Bocks  of  the 
North-west  of  England,  and  their  Extension  into  Scotland,"  by  Sir 
B.  I.  Murchison  and  Professor  Harkness,  is  to  prove  that  certain 
masses  of  red  sandstone  in  the  north-west  of  England  belong  to  the 
Permian  formation  and  not  to  the  Trias.  By  this  alteration  in  the 
classification  of  these  rocks,  which  is  necessarily  founded  on  strati- 
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grapHical  confliderations,  the  authors  are  enabled  to  show  that  the 
Permian  strata  of  the  north-west  of  England  consist  of  three  members, 
namely,  the  Eothliegende  or  Lower  Permian,  the  Magnesian  Lime- 
stone (Zechstein)  or  Middle  Permian,  and  the  sandstones  in  question 
forming  the  Upper  Permian ;  and  they  bring  forward  this  feu^t  as  an 
argument  against  the  adoption  of  the  new  term  ^*  Dyas,"  proposed  by 
Dr.  Geitnitz.  Whether  this  particular  view  of  the  relations  of  the 
Permian  Bocks  in  the  north-west  of  England  be  right  or  wrong,  we 
do  not  see  why  an  old-established  name,  against  which  there  can  be 
no  possible  objection  that  is  not  frivolous,  should  be  abandoned  for  a 
new  one,  which  is  very  L'kely  not  to  be  appropriate  in  all  cases. 
The  term  "  Trias "  was  adopted  for  two  reasons :  firstly,  because  it 
was  proposed  by  von  Alberti,  who  first  clearly  showed  the  relations 
and  connection  between  the  difTerent  members  of  the  formation; 
and,  secondly,  because  it  was  found  to  be  appropriate.  On  the  same 
principle,  the  term  Permian,  which  was  proposed  by  Sir  B.  L 
Murchison,  and  has  answered  every  purpose  for  so  many  years,  having 
been  used  by  every  writer  on  the  subject  since  it  was  established,  may 
surely  be  aUowed  to  remain  now,  when  there  is  no  good  cause  for 
displacing  it ;  for  although  Dyas  and  Trias  may  sound  well  together, 
(Geology  is  not  Poetry,  that  it  should  reject  reason  for  want  of  rhyme  ! 

5.  The  Annual  Report  of  the  Council  contains  this  year  a  resumS 
of  the  contents  of  the  Society's  Museum,  in  addition  to  the  usual 
statements  respecting  the  general  condition  of  the  Society,  which 
appears  to  be  extremely  prosperous.  The  remarks  on  the  Collections 
of  Specimens  of  Eocks  and  Fossils  are  chiefly  utilitarian  in  character, 
as  they  refer  more  to  the  value  of  the  collections  as  materials  for 
study,  and  to  the  facilities  afforded  by  the  Society  for  that  purpose, 
than  to  the  absolute  scientific  worth  of  the  Museum.  We  very  much 
doubt  whether  this  is  the  legitimate  light  in  which  the  matter  should 
be  looked  at,  but  to  discuss  it  thoroughly  would  require  us  at  once  to 
plunge  into  the  depths  of  that  fundamental  question — What  is  the  proper 
object  for  the  Society  to  keep  in  view,  as  the  end  and  aim  for  which 
they  retain  and  keep  in  order  a  large  Collection  at  a  great  expense. 
This  matter,  though  very  important  to  the  Society,  can  scarcely  be 
argued  here ;  but  so  &r  as  we  understand  it,  it  appears  to  us  that 
the  Museum  of  a  learned  Society  is  designed,  not  so  much  to  instruct 
the  tyro,  as  to  form  a  storehouse  of  classical  specimens,  such  as  have 
been  specially  described  in  the  Society's  own  publications  or  else- 
where, as  well  as  those  from  remote  and  little  known  localities, 
which  have  never  been  determined.  Of  course,  specimens  for  com- 
parison are  indispensable,  but  mere  show-specimens  and  endless 
varieties  of  rocks  and  fossils  from  all  sorts  of  localities — duplicates 
in  all  essential  respects  — are  out  of  place. 

The  excellent  collection  of  British  Bocks  and  Fossils  at  the 
Museum  of  Practical  Geology  renders  the  Society's  British  Collection, 
so  incomplete  as  it  is,  of  comparatively  slight  value,  and  it  seems  a 
question  worthy  the  consideration  of  the  Council,  whether  it  would 
not  be  advisable  to  re-arrange  their  British  specimens  on  the  same 
plan  as  that  on  which  their  Foreign  Collection  is  now   disposed. 
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rejecting  all  but  type  speoimens,  in  wliich,  especially  tliCMse  relating  to 
the  early  days  of  the  science,  the  Society  is  very  rich. 

These  remarks  have  occurred  to  us  from  reading  the  statement 
respecting  the  present  unsatisfieictory  condition  of  the  Collection  of 
British  Bocks  and  Fossils,  and  contrasting  it  with  the  really  useful 
manner,  in  which,  thanks  to  the  late  Mr.  Homer,  their  foreign 
specimens  are  now  arranged. 


Vn.  MICROSCOPY. 

(Including  the  Proceedings  of  the  Microscopical  Society,) 

Thb  immense  field  of  research  which  is  open  to  the  microscopical 
worker  is  daily  entered  upon  by  fresh  labourers.  The  journals  of 
Natural  Science  throughout  Europe  and  America  teem  with  new  dis- 
coveries and  new  dettuls  of  knowledge  obtained  by  the  use  of  this 
instrument.  The  length  of  our  Chronicles,  however,  compels  us  to 
postpone  many  interesting  facts  to  a  future  number,  and  we  must  con- 
tent ourselves  chiefly  with  a  brief  record  of  what  is  passing  at  home 
in  accordance  with  the  limited  space  at  our  disposal. 

Professor  Allman  has  recently  shown  that  certain  parts  of  the 
organisms  of  the  Hydroida  consist  of  Amoebiform  protoplasm,  and  that 
pseudopodia  in  every  way  comparable  to  the  pseudopodia  of  the 
AmoebsB  are  emitted  from  these  masses.  The  singular  bodies  known 
as  ^  nematophoree,"  which  are  produced  as  buds  at  definite  spots  upon 
the  hydrosoma  of  the  PlumulariadaB,  and  contain  clusters  of  large 
thread-cells,  appear  to  consist  of  a  granular  protoplasm  similar  to  that 
composing  the  Amoebie.  When  examined  in  a  trough  of  sea-water 
under  the  microscope,  this  mass  of  protoplasm  may  be  seen  to  slowly 
elongate  itself  into  variously-shaped  processes,  exactly  like  the  pseudo- 
podium  of  an  Amoeba.  Tlus  occurs  more  particularly  in  Antenmdaria 
antennina. 

Professor  H.  Karsten  has  been  renewing  his  researches  on  the 
development  and  structure  of  the  Vegetable  Cell.  His  very  lengthy 
and  elaborate  paper,  containing  as  it  does  an  interesting  notice  of 
original  observations  on  this  subject,  has  been  translated  in  tibe '  Annals 
and  Magazine  of  Natural  History  *  for  March  and  April. 

The  microscope,  when  applied  to  investigating  the  minute  anatomy 
of  the  smaller  forms  of  insect  life,  is  sure  to  be  productive  of  new  and 
interesting  facts ;  and  it  is,  indeed,  much  to  be  desired  that  we  had 
more  observations  of  this  nature  on  record.  Dr.  Leonard  Landois  has 
published  a  very  complete  monograph  of  the  anatomy  of  Ptharius 
inguinalis,  in  which  the  minutest  details  of  its  structure  and  anatomy 
have  been  followed  out  with  great  care  and  highly  interesting  results. 
The  blood  of  insects  is  one  of  those  fluids  among  the  invertebrate 
animals  about  which  so  much  remains  to  be  learned.  Like  the  blood 
of  vertebrate  animals,  it  is  corpuscnlated,  and  contains  much  mineral 
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xnatter.  The  flaidfl  of  the  Annelida,  though  hardly  comparable  to  the 
blood  of  the  insect,  also  contain  corpuscles,  the  intra-visceral  finid 
being  the  most  remarkable  on  this  account,  whilst  the  respiratory  fluid 
contained  in  distinct  vessels  is  in  general  brightly  coloured,  and  also, 
though  less  obviously,  contains  corpuscles.  Dr.  H.  Landois  has 
devoted  considerable  attention  to  the  study  of  the  blood  of  insects. 
By  allowing  the  liquid  to  evaporate,  he  has  succeeded  in  obtaining  the 
various  salts  of  the  blood  in  a  crystallized  condition,  and  has  been 
enabled  thus  to  ascertain  the  nature  of  the  mineral  constituents  of  the 
blood  in  many  of  the  commoner  forms  of  Coleoptera  and  Orthoptera. 
They  are  found  to  differ  in  various  species,  as  does  also  the  form  of  the 
blood  corpuscle. 

We  may  notice  here  a  form  of  microscope  made  by  Mr.  Ladd,  of 
Beak  Street,  and  specially  adapted  for  use  in  museums  and  public 
galleries.  Two  of  these  instruments  have  for  some  time  been  in  use 
in  the  Food  Museum  at  South  Kensington,  and  have  answered  their 
purpose  most  satisfactorily.  The  instrument  is  an  ordinary  compound 
microscope,  with  a  revolving  stage  capable  of  receiving  a  dozen  objects 
at  the  same  time.  By  turning  the  disc,  the  objects  are  brought  in  suo- 
cession  under  the  eye  of  the  observer.  The  focus  is  kept  fixed,  as  is 
also  the  reflector,  so  that  an  inexperienced  person  cannot  disturb  the 
arrangement,  which  may  be  made  by  one  of  the  fonctionaries  of  the 
Museum.  If  such  instruments  as  these  were  placed  in  the  galleries  of 
the  British  Museum  and  such  places  of  public  instruction,  supplied 
with  suitable  objects,  it  would  add  greatly  to  their  general  usefulness 
and  interest  .^ong  the  various  works  which  have  been  published 
during  the  past  quarter,  for  the  purpose  of  assisting  the  student  in  the 
nse  of  the  microscope,  is  one  by  Dr.  J.  W.  Grif&th,  conjoint  author  of 
the  '  Micrographical  Dictionary,'  entitled  '  An  Elementary  Text-Book 
of  the  Microscope.'  The  figures,  of  which  there  are  over  four  hundred, 
are  very  well  executed,  and  contain  drawings  from  among  almost  every 
class  of  objects  likely  to  come  under  the  student*s  observation.  We 
notice  the  work  folly  in  another  section  of  this  Journal. 

The  formation  of  societies  intended  to  unite  individuals  engaged  or 
interested  in  studies  connected  with  the  microscope  must  always  be 
hailed  with  pleasure,  as  indicating  an  advance  in  the  progress  of 
Microscopical  Science.  A  Microscopical  Society  has  been  formed  at 
the  University  of  Oxford,  under  the  presidency  of  Dr.  Acland,  the 
Begins  Professor  of  Medicine :  many  distinguished  members  of  the 
university  have  joined  the  Society,  and  it  is  to  be  expected  that  an 
impulse  will  be  given  thereby  to  independent  research,  which  cannot 
but  lead  to  important  results. 


MiOBOSOOPIOAL   SOOHBTY   OF  LoNDON. 

Although  the  meetings  of  the  Society  have  been  well  attended  during 
the  past  quarter,  yet  few  papers  of  interest  have  been  communicated. 
Dr.  Greville,  who  has  worked  so  indefatigably  at  the  group  of  the 
Diatomaoesd,   continued  his  series  of  papers  on  "New  and  Bare 


1864.]  Microscopy,  485 

Diatoms."  Indeed  the  deposit  in  the  Barbadoes,  from  which  most  of 
his  new  species  are  derived,  seems  to  be  inexhaustible.  Like  similar 
deposits  in  the  island  of  MuU,  in  Sweden,  and  the  coast  of  Africa, 
the  "  Barbadoes  earth  "  is  composed  of  little  else  but  the  skeletons  of 
these  most  beautiful  and  elegant  plants.  The  abundance  of  species  in 
a  single  locality  is  indeed  very  remarkable,  for  here  is  a  truly  fossil 
deposit,  richer  already  in  some  extensive  genera  than  any  other  known 
looeJity,  while  various  genera  of  singular  structure  appear  to  be  alto- 
gether peculiar  to  it.  Forty-four  species  were  detected  some  short  time 
since  in  an  examination  of  the  water  of  the  river  Thames,  as  supplied 
to  London  by  the  various  water  companies,  but  here  we  have  a  variety 
of  species  which  far  exceed  that  number.  The  new  species  described 
by  Dr.  Greville  belong  to  the  genera,  Eujpodtscus,  Aulacodiscus^  Aidiscus^ 
Biddfdphia,  Triceratium,  and  EtUogonia.  Microscopists  and  natural- 
ists generally  are  much  indebted  to  Dr.  Greville  for  the  persevering 
manner  in  which  he  pursues  his  researches  on  this  subject. 

On  the  8th  of  June  a  most  valuable  and  important  paper  on  "  The 
Structure  of  the  Sarcolemma  of  the  Muscular  Fibres  of  Losects,  and  on 
the  Exact  Belation  of  the  Nerves  and  Tracheas  to  the  Contractile  Tis- 
sue," was  communicated  by  Dr.  Lionel  S.  Beale,  F.B.S.,  physician  to 
King's  College  Hospital,  and  Professor  of  Physiology  and  Greneral  and 
Morbid  Anatomy,  in  King's  College,  London.  This  paper  contained 
new  observations  by  the  author  relating  to  the  mode  of  distribution  of 
nerves  to  voluntary  muscles.  It  is  a  continuation  of  his  researches 
upon  this  subject,  published  in  the  '  Philosophical  Transactions '  for 
the  years  1860,  1862,  and  1863,  and  in  the  *  Archives  of  Medicine,' 
vols.  iii.  and  iv.  In  the  present  communication  he  showed  that  the  air- 
tubes  or  trachesB  ramified  very  finely  over  every  part  of  the  sarcolemma, 
anastomosing  with  one  another,  so  as  to  form  a  network,  the  meshes  of 
which  were  a  little  wider  than  the  strise  of  the  muscle.  The  nerve 
fibres  divided  until  very  delicate  ultimate  branches,  less  than  rviir^^^ 
of  an  inch  in  diameter,  resulted  ;  but  each  of  these  consisted  of  a  great 
number  of  individualfibres.  These  branches  appear  to  become  lost  upon 
the  surface  of  the  sarcolemma ;  but  by  examining  specimens  preserved  in 
strong  glycerin,  and  in  which  the  contractile  tissue  had  been  ruptured 
at  the  moment  of  death  within  the  tube  of  the  sarcolemma,  the  bundle 
of  nerve  fibres  was  seen  to  break  up  into  a  plexus  of  extremely  minute 
fibres,  from  which  branches  passed  and  ramified  in  the  form  of  a  net- 
work, or  secondary  plexus  over  every  part  of  the  sarcolemma.  The 
appearances  demonstrated  in  the  autibor's  specimens  were  utterly 
incompatible  with  the  notion  entertained  by  certain  continental  physi- 
ologists, that  the  nerve  terminated  by  Jree  ends  upon  the  sur&ce  of 
the  sarcolemma,  or  by  blending  with  this  structure ;  and  also  with 
the  doctrine  that  the  nerve  perforates  the  sarcolemma  and  comes  into 
actual  contact  with  the  muscular  tissue. 

The  observations  were  made  upon  the  common  maggot  or  larva  of 
the  meat  fiy  with  the  aid  of  powers  varying  from  1,000  to  2,500 
linear. 

The  general  conclusion  is,  that  as  in  vertebrate  animals,  the  nerve 
forms  a  network  or  plexus,  which  ramifies  over  every  part  of  the 
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elementarj  mnecTilar  fibre ;  but  the  branches  do  not  come  into  contact 
with  the  contractile  tissue  itself  or  with  its  nuclei  in  any  part. 

These  observations  of  Dr.  Beale,  in  connection  wiih.  his  former 
researches,  must  serve  to  establish  very  important  results  with  r^ard 
to  the  morphology  of  the  nervous  system.  It  seems  to  be  now  a 
definitely  established  fact  that  the  ultimate  fibres  of  the  nervous  cords 
do  not  end  in  free  extremities,  but  form  a  connected  network  or  plexus. 


VIII.  MINING,  MINEEALOGY,  AND  METALLUEGY. 

Mining. 

Thb  rapidity  with  which  our  blast  furnaces  swallow  up  iron  ore  na- 
turally gives  rise  to  much  anxiety,  lest  the  supply  should  be  unequal 
to  the  demand. 

Nearly  eight  millions  of  tons  of  ore  are  required  to  meet  the  pre- 
sent necessities  of  manufacture.  Eagerly,  therefore,  are  the  native 
stores  of  iron  ore  sought  out,  and  this  eagerness  is  rewarded  by  many 
new  and  important  discoveries. 

At  Belsdale,  the  place  probably  which  was  once  worked  by  the 
Monks  of  Bivaulx  Abbey,  a  large  deposit  of  iron  ore  has  been  dis- 
covered. It  had  been  traced  in  the  Howardian  Hills,  the  Derwent 
Valley,  and  near  Malton.  At  Oldstead,  near  Goxwold,  and  at  Eeldy 
Castle,  near  Pickering,  an  excellent  ore  has  been  opened  upon.  We 
are  gradually  finding  the  links  which  form  the  chain  of  the  vast  de- 
posits of  ore  extending  from  Whitby,  with  some  brief  interruptions  due 
to  geological  changes,  through  Lincolnshire,  across  Northamptonshire 
and  the  adjoining  counties,  to  Oxfordshire. 

In  the  Western  counties,  a  similar  activity  exists,  and  many  new 
discoveries  have  been  made.  We  are  receiving  some  considerable  im- 
portations of  iron  ore  from  Norway.  This  Norwegian  ore  is  of  a  re- 
markable character,  being,  indeed,  a  titaniferous  iron  ore,  much  of  it 
containing  30  per  cent  of  titanic  acid«  It  is  thought  that  this  ore 
will  be  of  great  value  in  the  manufacture  of  steel,  and  an  English  com- 
pany is  formed  to  work  the  Norwegian  mines. 

A  series  of  experiments  have  been  tried  in  Dolcoath  Mine,  in  Corn- 
wall, on  the  use  of  gun-cotton  instead  of  gunpowder,  in  blasting  the 
rocks.  Baron  Lenk's  gun-cotton,  as  prepared  by  Messrs.  Prentice  and 
Co.,  was  used,  and  the  results  were,  on  the  whole,  satis&ctory ;  a 
larger  quantity  of  rock  being  displaced  with  a  quantity  of  gun-cotton 
less  than  one-half  the  weight  of  gunpowder  required.  We  shall  re- 
port all  further  experiments  which  may  be  made. 

There  are  no  novelties  to  record  in  connection  with  British  mining. 
Nearly  all  our  Mineral  industries  are,  at  present,  working  under  the 
pressure  due  to  the  low  prices  of  metal.  There  has  been,  and,  to  a 
certain  extent  there  still  continues,  a  great  deal  of  unnatural  excite- 
ment in  connection  with  mining  speculations.  The  result  must  prove 
to  be,  in  every  way,  disastrous  for  the  actual  satisfactory  exploration  of 
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mineral  districtg.  Qambling  transactions,  and  they  are  nothing  more, 
cannot  be  associated  healthfollj  with  any  legitimate  industry. 

We  had  hoped  the  Mines  Commission  would  ere  this  have  made 
their  Beport  to  the  House  of  Commons.  We  are  informed  that  this 
Beport,  which  is  a  most  voluminous  one,  will  be  published  during  the 
ensuing  month.  It  is  unfortunate  that  the  recommendations  it  may 
giye,  will  not  have  the  advantage  of  that  consideration,  during  this 
Session  of  Parliament,  which  so  important  a  matter,  as  the  health  of 
our  mining  population,  demands.  We  hope  that  Lord  Einnw-d,  or 
some  of  the  Members  of  the  House  of  Commons,  who  are  on  this 
Commission,  will  embrace  an  early  opportunity  next  Session  of  pro- 
curing some  legislative  enactments  to  prevent  the  recurrence  of  those 
conditions  which  are  easily  remediable,  and  which  involve  the  loss  of 
life  and  the  destruction  of  health  amongst  the  metalliferous  miners. 

We  are  pleased  to  see  that  Mr.  H.  Curwen  Salmon  has  commenced  a 
series  of  pax>ers  "  On  the  Mines  and  Mining  Operations  of  Cornwall."* 
No  man  can  treat  this  subject  more  satisfactorily  than  Mr.  Salmon, 
some  of  whose  descriptions  of  our  large  and  important  mines  have  been 
very  valuable  contributions  to  this  class  of  literature.  At  the  Dudley 
Scientific  Art  and  Industrial  Exhibition,  there  was  held  a  conference 
on  Practical  Mining.  Mr.  Eupert  Kettle  read  on  that  occasion  a  paper 
"  On  the  wasteful  methods  of  working  the  South  Staffordshire  coals," 
and  called  attention  to  many  sources  of  loss  in  connection  with  the 
system  persevered  in  by  the  ground  bailiffs  of  that  district  There 
was  some  angry  feeling  manifested;  but  there  is  every  reason  for 
hoping  that  much  good  will  result  from  this  conference,  and  that  the 
South  Staffordshire  coal  proprietors,  and  the  colliers,  will  have  to 
thank  Mr.  Kettle  for  calling  attention  to  their  shortcomings. 

Mr.  Arundel  Bogers,  Barrister-at-Law,  of  the  Inner  Temple,  has 
suppHed  a  want  in  a  very  satisfactory  manner.  Few  things  are  more 
obscured  than  the  laws  relating  to  Mining  and  Minerals.  Mr.  Bogers 
has  endeavoured  to  give  in  a  clear  and  comprehensive  manner  a  state- 
ment of  the  laws  of  mines  in  England,  Ireland,  and  Scotiand.  f  Every 
one  being  connected  with  mining  explorations,  would  act  wisely  to 
possess  this  work. 

Having  a  remote  connection  with  our  subject,  we  may  direct  at- 
tention to  a  singular  instance  which  has  been  brought  forward  to  prove 
the  preservative  powers  of  the  waters  of  old  mines.  M.  Morin  ex- 
hibited before  the  Academy  of  Sciences  of  Paris  a  piece  of  pine-wood, 
a  portion  of  a  wheel  which  has  been  found  in  an  ancient  mine  in  Por- 
tugal. It  is  believed  to  be  at  least  1,400  years  old,  and  is  now  in  a 
tolerably  complete  condition  in  the  Conservatoire  des  Arts  et  MSiiers, 
This  preservation  is  due  without  doubt  to  the  influence  of  solutions  of 
sulphates  of  iron  and  of  copper  in  the  waters  of  this  abandoned  mine. 

*  *  The  Mining  and  Smelting  Magazine :  a  Monthly  Review  of  Mining,  Quarry- 
ing, and  Metallurgy/  &a  May,  1864.    Simpkin  &  Marshall,  London. 

t  *  The  Laws  of  Mines,  Minerals,  and  Quarries  in  Great  Britain  and  Ireland ; 
with  a  Summary  of  the  Laws  of  Foreign  States,  and  practical  directions  for 
obtaining  Government  Grants  to  Work  Foreign  Mines.  By  Arundell  Bogers,  Esq. 
London  :  Stevens,  Sons,  &  Haynes. 
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The  writer  of  this  notice  has  in  his  possession  a  piece  of  timber, 
belieyed  to  be  oak,  which  was  found  in  Pontpean  mine,  Normandj, 
where  it  had  no  donbt  lain  from  the  period  when  the  Eomans  worked 
the  mine.     It  is  intensely  black,  but  as  solid  as  it  ever  was. 

At  the  '*  Stream  Works  *'  for  tin  at  Camon  and  at  Pentnam,  in  Corn- 
wall, seventy  feet  below  the  present  surface,  oak  shovels  have  been 
discovered  which  were  probably  used  by  the  British  miners  who  sup- 
plied the  Tyrian  merchants  with  tin.  Similar  implements  have  been 
found  in  the  ancient  mines  of  Dartmoor,  and  in  the  Boman  mines  of 
Cardiganshire.  These  instances  suficiently  prove  the  preservative 
powers  of  the  sulphates  of  the  metals. 

MlNXBALOGY. 

An  interesting  examination  of  some  minerals  of  the  chlorite  group 
has  been  made  by  Mr.  John  B.  Pearse.*  The  diversities  of  colour 
among  the  varieties  of  the  mineral  species  are  in  many  cases  still  un- 
explained. The  Kammererite  from  Lancaster  county,  Penn.,  for  ex- 
ample, is  of  three  kinds,  one  coloured  pure  green,  a  second  red  and 
green,  while  the  third  is  pure  red.  Mr.  Pearsons  investigations  were 
to  determine  the  cause  of  this  variation.  We  cannot  tra^asfer  to  our 
pages  all  the  results  obtained  and  the  discussion  on  them  ;  these  must 
be  sought  in  the  original  paper.  The  chief  conclusion  is,  that  "•  the 
cause  of  the  difference  of  colour  is  unanswered  by  analysis.  It  is 
possibly  due  to  molecular  arrangement." 

The  name  of  Orastite  is  proposed  for  the  new  green  variety,  and 
Orastite  and  Kammererite  may  be  supposed  to  be  formed  thus  : — 

Gi&stite — 1  atom  of  kaolin.  Kammererite — 1  atom  of  kaolin. 

2       „       olivine.  3       „      olivine. 

5       n      brucite.  1        „      aeipentine. 

5       M      brucite. 

Mr.  T.  Sterry  Hunt  commences  in  ^  SilHman's  Journal '  his  *'  Con- 
tributions to  Lithology.*'f  No  one  has  contributed  more  to  the 
Chemistry  of  Bock-formationB  than  Mr.  Sterry  Hunt ;  we  may  there- 
fore reg£urd  those  papers  as  valuable  aids  to  our  knowledge.  Be- 
ferring  especially  to  the  formation  of  granite,  and  to  Mr.  Sorby's  dis- 
covery of  fluid  cavities  in  the  quartz  crystals, — one  of  the  constituents 
of  that  rock, — Mr.  Sterry  Hunt  has  the  following  remarks,  which  from 
their  high  interest  we  think  especially  deserving  of  note  : — 

'*  The  admirable  investigations  of  Sorby  on  the  microscopic  structure 
of  crystals,  have  demonstrated  that  water  has  intervened  in  the  crystalliza- 
tion of  almost  all  Plutonic  rocks.  He  has  shown  that  quartz,  both  of  granite 
and  of  crystalline  schists,  contains  great  numbers  of  small  cavities  partially 
filled  with  water,  or  with  concentrated  aqueous  solutions  of  chlorides, 
sulphates  of  potassium,  sodium,  calcium,  magnesium,  sometimes  with  free 
chlorhydrio  acid.  ...  As  these  fluid-cavities  enclosed  the  liquid  at 
an  elevated  temperature,  its  subsequent  cooling  has  produced  a  partial 

*  *  The  American  Journal  of  Science  and  Arta.*  (Silliman.)  Vol.  xxxvii.  No. 
110,  Marob,  1864. 

t  '  The  American  Journal  of  Science  and  Arts.'  (SiUiman.)  Vol.  xxxvii.  No. 
110,  March,  1864. 
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vaoaum,  which  is  again  filled  on  heating  the  crystal ;  so  that  the  tempera- 
ture of  the  crystals  at  the  time  of  their  formation  may  be  approximately 
determined."  .  .  .  Mr.  Sorby  has  determined  this  temperature,  and 
*'  represents  the  lowest  temperature  at  which  the  consolidation  could  have 
takeu  place,  which  varies  from  340*^  C.  to  380°  C.  in  the  Vesuvian  minerals, 
and  356**  in  the  quartz  of  the  trachyte  of  Ponza ;  to  the  mean  of  216°  in 
the  Cornish  granites,  to  99°  in  those  of  the  Scottish  Highlands,  and  even 
descends  to  89°  in  some  parts  of  the  granite  of  Aberdeen.  Mr.  Sorbj  has 
calculated  the  pressure  in  feet,  of  rock,  which  would  be  required  to  com- 
press the  hquid  so  much  that  it  would  just  fill  the  cavities  at  360°C.  The 
numbers  thus  obtained  will  therefore  represent  the  actual  pressm'e,  pro- 
vided the  rock  was  in  each  case  consolidated  at  that  temperature.  It 
would  thus  appear  that  the  trachyte  of  Ponza  was  sohdified  near  the  sur- 
face, or  beneath  a  pressure  of  only  4,000  feet  of  rock  ;  while  for  the  Aber- 
deen granite  the  pressure  was  equal  to  not  less  than  78,000  feet,  and  for 
the  mean  of  the  Highland  granites  76,000.  The  Cornish  granites  vary 
from  32,400  to  63,000,  and  give,  as  a  mean,  50,000  feet  of  pressure.  In 
this  connection  Mr.  Sorby  remarks  that,  from  Mr.  Robert  Hunt's  obsei'va- 
tions  on  the  mean  increase  of  temperature  in  the  mines  of  Cornwall,  a 
heat  of  360o  C.  would  be  attained  at  a  depth  of  53,500  feet." 

In  relation  to  this  subject,  the  experiments  made  by  Dr.  Fairbaim, 
in  Dnkinfield  GoUiery,  ^ould  be  named.  In  a  lecture  on  "  Natural 
Laws"*  recently  delivered  by  that  gentleman,  the  results  are  thus 
given.  It  should  be  stated  that  DuMnfield  is  above  2,100  feet,  or 
upwards  of  350  fathoms  in  depth.  ^  The  amount  of  increase  indi- 
cated in  these  experiments  is,  from  bV  to  57*"  40',  from  20  to  693  feet 
below  the  surface,  or  1^  in  99  feet ;  but,  if  we  state  the  results  which 
are  more  reliable,  namely,  those  between  698  and  2,055  feet,  we  have 
an  increase  of  temperature  from  57°  40'  to  75*^  30',  or  a  mean  increase 
of  1*"  in  76*8  feet.  This  rate  of  increase  is  not  widely  different  from 
that  obtained  by  other  authorities,  such  as  Walfeoden  and  Arago,  who 
found  an  increase  of  V  in  59  feet.  Other  experiments  have  given  an 
increase  of  V  in  71  feet."  Dr.  Fairbaim,  with  Dr.  Joule,  made  an 
extensive  series  of  experiments  to  ascertain  at  what  depth  beneath  the 
surface  of  the  earth  the  rocks  would  become  fluid  with  this  increase  of 
temperature.  ^  If,"  says  Dr.  Fairbaim,  *'  we  assume  the  rate  of  in- 
crease to  be  continued  to  a  depth  of  nearly  3  miles,  we  arrive  at  the 
temperature  of  boiling  water ;  at  39  miles  we  attain  an  amount  of  heat 
equivalent  to  3,000°,  which  would  melt  the  hardest  rocks."  The  ex- 
periments to  which  we  have  referred  were  specially  to  determine  if  the 
melting  point  of  bodies  was  influenced  by  pressure — the  result  was, 
"  an  increase  in  the  temperature  of  fusion  proportional  to  the  pressure  to 
which  the  fised  mass  was  subjected.*'  *^  All  these  conditions  tend  to 
increase  the  solid  thickness  of  the  earth's  crust,  and  we  may  venture  to 
state  that  at  a  depth  of  100  miles  we  should  find  a  pressure  equal  to 
1,200,000  lb&,  or  nearly  600  tons  on  the  square  inch."  The  ratio  of 
increase  in  the  temperature  of  fusion  being  P  for  every  600  lbs.  pres- 
sure ;  therefore,  taking  2,000°  F.  as  the  temperature  of  frision  at  the 

*  Two  Lectures  on  Iron  and  its  Applications,  &c.,  and  on  Natural  Laws, 
delivered  to  the  members  of  the  Literary  and  PldloBophical  Society,  Newcastle-on- 
Tyne.  by  William  Fairbaim,  O.E.,  LLA.,  FJLS.,  F.G.S. 
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surface  of  the  earth,  a  temperature  of  4,600**  would  be  required  at  the 
depth  of  100  miles.  "  Beasoning  from  these  facts,  we  came  to  the  oon- 
elusion  that  the  earth's  nudeus,  under  the  enormous  pressure  to  which 
it  is  subjected,  may  not  be  fluid  but  solid,  or  probably  in  a  semi-fluid 
state." 

In  the  Swiney  Lectures  on  Geology,  recently  delivered  by  Dr. 
Percy  in  the  Theatre  of  the  Boyal  School  of  Mines,*  the  lecturer 
states,  that  there  are  many  difficulties  which  have  always  stood  in  the 
way  of  receiving  the  hypothesis  that  granite  is  an  igneous  rock, 
"  cQfficulties  "  known,  at  all  events,  to  those  who  have  been  accustomed 
to  make  experiments  on  the  fusion  of  minerals  at  high  temperatures. 
This  is  especially  seen  by  examining  the  condition  of  quartz ;  it  is 
always  foimd  in  the  crystalline  condition,  and  has  invariably  a  spe- 
cific gravity  of  2*6.  There  is  not  a  single  instance  known  to  the  con- 
trary. Hence  there  is  reason  to  believe  that  the  quartz  never  could 
have  been  fused,  for  the  moment  silica  is  fused,  no  matter  in  what 
condition  it  was  previously,  a  peculiar  glass-like  colloidal  mass  is  pro- 
duced, having  a  specific  gravity,  which  never  exceeds  2*3.  Therefore, 
there  is  good  reason  to  conclude  that  granite  could  never  have  been 
formed  under  the  condition  of  a  high  temperature. 

Banmielsberg  has  recently  presented  to  the  Physico-Mathematical 
class  of  the  Berlin  Academy  of  Sciences  a  memoir  upon  the  combi- 
nations of  the  oxide  of  lead  and  titanic  acid  which  are  found  native. 

Some  very  fine  examples  of  the  mineral  vauadinite  had  been  ob- 
tained from  Windiskappel,  in  Oarinthia. 

We  find  an  extensive  examination  of  the  vanadium  mineralfl 
has  been  made  by  Czudnowicz.f  He  shows  that  the  determination  of 
vanadic  acid  in  the  rhomiic  vanadinite  from  Carinthia  is  incorrect,  and 
the  conclusions  that  the  mineral  was  a  simple  vanadate  of  lead  is  not 
justified.  His  analyses  show  it  to  be  a  ter-basic  vanadate  of  lead  and 
zincf 

In  the  granite  of  the  Island  of  Elba,  associated  with  beryl,  tour- 
maline, and  quartz,  two  substances  were  found  long  since,  to  which 
the  names  of  Castor  and  PoUux  were  given.  These  minerals  were 
described  by  Breithaupt,  and  subsequently  examined  by  Plattner.  On 
the  authority  of  this  analysis  Gmelin  says,  "  Pollux  appears  to  contain 
a  larger  quantity  of  alkali  than  any  other  known  silicate  mineral."  It 
has  now  been  more  closely  examined  by  M.  Felix  Pisani,  and  the 
results  obtained  by  this  chemist  have  been  communicated  by  Henri 
Sainte  Claire  Deville  to  the  Academy  of  Sciences  of  Paris.  The 
analyses  of  Plattner  and  Pisani  agree  very  nearly  as  fSsur  as  the  silica 
and  alumina  are  concerned.     In  place,  however,  of  the  potash  and 

*  These  leotures  have  been  moet  Batiafaotorily  reported  in  the  'Chemical 

News.' 

f  *  PoggendorS*8  Annalen,'  vol.  czx. 

X  *  Revue  Universelle  des  Mines,  de  la  Metallurgie,  des  Travanx  Publics,  des 
Sciences  et  des  Arts — appliqu^  k  Tlndnstrie/  sous  la  direction  de  M.  Cb.  de 
Cnyper.  This  journal  contains  several  valuable  papers  on  mineralogy,  metallurgy, 
and  mining,  with  notices  of  the  allied  science  geology,  and  of  the  applications  of 
science  to  manujGEicture.  We  shall,  from  time  to  time,  avail  ourselves  of  the  useful 
matter  which  this  journal  may  communicate. 
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soda  of  the  foimer,  M.  Pifiani  has  given  oxide  of  cceaium,  which  metal 
was  mistaken  for  tiie  alkalies  by  Flattner.  This  is  the  first  mineral 
discovered  with  a  known  base  of  the  new  metal  cassium. 

M.  Pisani  has  also  discovered  csBsinm  in  the  rose  lepidolithe  or 
lithia  mica  of  Elba,  and  with  it  a  considerable  quantity  of  the  metal 
rubidimn.* 

Sources  from  which  the  new  metal  thaMium — which  was  discovered 
by  Mr.  Crookes — may  be  obtained,  are  increasing  upon  us.  Mr.  Emer- 
son Bejnolds  informs  the  Boyal  Oeological  Society  of  Ireland  of  the 
existence  of  a  thalliferous  pyrites  in  BaUydehob,  county  Cork ;  and 
M.  Schrotter  announces  to  l^e  Imperial  Academy  of  Sciences  of  Vienna 
the  presence  of  this  metal  in  the  lepidolithe  of  Moravia  (a  lithia  mica) 
and  in  the  mica  of  Linnwald,  Bohemia. 

'  A  Popular  and  Practical  Exposition  of  the  Minerals  and  Geology 
of  Canada'  has  |  been  published  by  Professor  Chapman.  This  volume 
gives  a  popular,  yet  fall  sketch  of  the  Mineralogy  and  Geology  of 
Canada. 

Mr.  N.  S.  Maskelyne  communicates  |  the  discovery  of  a  new 
mineral  from  Cornwall,  *'  prismatic,  in  crystalline  form,  and  consisting 
probably  of  a  basic  sulphate  of  copper,  insoluble  in  water.  It  occurs 
in  minute  but  brilliant  crystals,  and  in  fine  masses  of  the  richest  blue 
colour ;  it  forms  a  thick  incrustation  upon  a  tender  killas.'* 

The  phenomenon  of  asterism  in  natural  crystals  will  be  familiar 
to  most  persons ;  it  is  not  so  generally  known  that  this  may  be  pro- 
duced artificially.  Bose  showed  long  since  that  the  star  of  mica 
could  be  produced  upon  isinglass  by  impressing  the  mica  on  it.  G. 
A.  Gruel  §  gives  a  very  simple  method  for  producing  asterism ;  a  piece 
of  glass  is  cut  into  a  triangular  figure,  and  then  rubbed  backwards 
and  forwards  a  few  times  on  a  sheet  of  fine  emery  paper,  each  of  the 
three  sides  being  successively  guided  against  a  metal  rule,  which,  at 
the  same  time  being  pressed  on  the  emery  paper,  keeps  it  in  position. 

We  have  found  that  we  may  obtain  glasses  exhibiting  any  number 
of  radial  lines  by  fijdng  the  glass  on  a  lathe.  The  lathe  enables  us  to 
produce  a  figure  with  any  number  of  sides,  and  the  application  of  the 
emery  paper  or  a  fine  file,  parallel  to  each  side,  is  carried  out  without 
dif&culty. 

A  lignite  of  superior  quality  is  said  to  have  been  discovered  in  the 
Pnnjaub.  This  discovery  has  been  made  about  150  miles  north  of 
Lahore,  upon  the  borders  of  Jhelum,  a  little  to  the  west  of  the  road 
to  Peshawur,  nearly  on  the  line  of  the  railway  projected  by  Mr. 
Andrews  from  Lahore  to  Peshawur.  It  has  been  analysed  for  the 
Bailway  Company,  and  it  is  said  to  be  for  use  in  locomotive  engines 
superior  to  the  coal  foimd  in  Bengal.  This  lignite  is  therefore  neces- 
sarily exciting  considerable  interest,  for  if  it  exists  in  large  quantity, 
which  is  said  to  be  the  case,  it  will  materiaUy  facilitate  the  extension 
of  the  railway  system  in  the  Punjaub. 

•  I/Inatitut,  and  Lea  Mondea. 

t  By  E.  J.  Chapman,  Ph.D.,  Piof.  University  College,  Toronto.    Toronto,  1864. 
i  •  Philoflophical  Magazine,'  No.  182,  April,  1864. 
I  •  Poggendorff  8  Amialen,'  vol.  cxvii.  p.  635. 
VOL.  I.  .  2  L 
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Various  attemps  have  from  time  to  time  been  made  to  obtain  mal- 
leable iron  or  steel  directly  from  the  blast  furnace.  A  few  only  of 
these  experiments  can  be  regarded  as  haying  been  successful.  At  the 
present  time  arrangements  on  a  very  large  scale  are  being  made  in 
immediate  connection  with  the  Barrow  Hematite  Iron  Works  of 
Messrs.  Schneider  and  Hannay,  to  receive  the  cast-iron  directly  from 
the  blast  fdmaces  into  the  "  converters  "  of  the  Bessemer  process,  and 
thus  produce  steel  without  allowing  the  melted  mass  to  cool.  On  the 
Continent  this  is  adopted  in  many  of  the  larger  iron-producing  esta- 
blishments, and  we  hear  of  several  works  about  to  be  erected  in  this 
country,  by  which,  without  doubt,  steel  will  be  produced  at  a  cost  but 
a  little  exceeding  that  of  cast-iron. 

M.  Lamy  has  been  carefully  studying  the  conditions  of  iron  pro- 
duced in  the  blast  furnace.  He  notices  a  loss  sustained  from  the  cast- 
iron  meeting  with  an  oxidizing  heat  and  atmosphere  in  the  hearth, 
causing  part  of  it  to  pass  into  slag.  Again,  in  refining,  the  iron  is 
fused  under  an  oxidizing  flame,  by  which  about  10^\o  is  scorifled.  In 
puddling,  the  process  is  carried  on  in  an  oxidizing  atmosphere  with  a 
further  loss.  M.  Lamy  estimates  the  total  loss  in  converting  pig-iron 
into  wrought-iron  as  not  less  than  from  16\  to  20\,  He  therefore 
proposes  to  combine  the  three  operations  in  one,  or  rather,  as  we 
understand  it,  to  carry  out  the  three  operations  consecutively  in  the 
same  furnace.  The  apparatus  proposed  consists  of  two  distinct  parts ; 
one  placed  above  the  other.  The  upper  furnace  is  the  blast  furnace 
in  which  the  iron  is  smelted  from  its  ores  ;  this  part  differs  from  the 
ordinary  blast  furnace  in  the  body  and  boshes  being  formed  of  distinct 
truncated  cones — connected  by  their  bases — but  separated  from  each 
other  by  an  opening,  which  the  inventor  calls  the  pyrote.  The  twyers 
are  in  the  upper  part  of  the  boshes,  and  the  blast  is  directed  down< 
wards.  The  hearth  is  formed  of  a  slightly  inclined  plane,  which  leads 
to  the  lower  apparatu&  This  is  essentially  a  turbine  of  wrought-iron 
attached  to,  and  moved  by,  an  axle  protected  by  solid  masonry ;  this 
works  on  a  platform  furnished  with  several  ranges  of  perpendicular 
knives,  which  are  for  dividing  the  metal  driven  out  by  the  centrifdgal 
force  of  the  turbine.  On  each  side  are  two  fireplaces,  arranged  so  as 
not  to  give  off  oxidizing  gases. 

When  the  fomace  is  charged,  the  blast  is  turned  on  by  the  upper 
twyers,  and  thus  a  high  temperature  is  produced  in  the  bofshes.  The 
oxidizing  atmosphere  is  changed  into  a  reducing  one  by  the  conver- 
sion of  the  carbonic  oxide  into  carbonic  acid.  The  iron  ores,  therefore, 
in  descending,  only  meet  with  reducing  gases,  and  the  product 
perfectly  liquified  flows  along  the  inclined  plane  to  the  crucible,  and 
may,  if  the  object  is  to  get  cast-iron,  be  tapped  in  the  usual  manner. 
When  wrought-iron  is  to  be  made,  the  melted  cast-iron  is  directed  on 
the  centre  of  the  tm*bine,  which  is  in  motion,  and  air  and  superheated 
steam  are  turned  through  twyers  fixed  at  the  lower  part  of  the  furnace. 

The  cast-iron  is  divided  by  the  centrifugal  motion,  and  is  brought 
into  contact  with  an  oxidizing  atmosphere,  the  air  acts  on  the  carbon 
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and  silicon,  and,  it  is  said,  the  stream  on  the  phosphorus  and  sulphur, 
so  that  refined  iron  is  produced  very  rapidly. 

In  the  third  stage  of  the  process,  the  carbon  of  the  cast-iron  acts 
on  the  bed,  which  is  composed  of  rich  slags  and  sheets  of  ivrought- 
iron,  and  after  "  rabbling,"  the  puddled  ball  is  ready  for  shingling. 
When  it  is  required  to  make  steel,  the  coverings  of  the  sole  (rich 
slags,  &c.)  are  omitted— the  rotation  of  the  turbine  is  accelerated,  and 
the  blast  in  the  twyers  increased. 

We  are  not  aware  of  any  experiments,  on  a  large  scale,  haying 
been  tried,  except  by  M.  Lamy  himself,  but  there  is  so  much  ingenuity 
in  the  arrangements,  and  each  stage  of  the  process  has  been  so  care- 
fully studied  that,  except  there  are  mechanical  difficulties  in  the  way, 
it  appears  to  promise  a  successful  issue,  and  much  economy. 

The  most  severe  labour  to  which  man  is  subjected  is,  that  of 
puddling  iron — the  process  by  which  pig-iron  is  converted  into  malle- 
able iron.  The  '^  puddler  *'  has  to  manipulate  balls  of  iron,  weighing 
from  2  cwt.  to  3  cwt.,  in  front  of  an  intensely  heated  reverberatory 
furnace.  Many  schemes  have  been  devised  for  performing  this  oper- 
ation by  machinery,  but  hitherto  it  does  not  appear  that  any  of  them 
have  been  successful.  In  1861  a  patent  was  secured  by  Mr.  W.  H. 
Tooth.  Dr.  Percy,  in  his  "Metallurgy,"  notices  the  fact,  but  he 
gives  no  indication  of  the  character  of  the  machineiy  employed,  or  of 
the  results  of  its  application.  It  may,  therefore,  be  concluded  that  it 
did  not  answer  the  desired  end.  Mr.  James  Nasmyth  sought  to 
facilitate  the  process  of  puddling,  by  the  introduction  of  steam  "  to 
mechanically  agitate  the  molton  iron,  and  thereby  keep  exposing  fresh 
surfaces  of  the  iron  to  the  oxygen  of  the  iron  contained  in  the  atmo- 
sphere passing  through  the  furnace."  This  process  has  not,  as  far  as 
we  know,  been  successfully  applied  in  any  of  our  iron  works. 

The  latest  attempt  to  apply  machinery  for  puddling  iron  is,  that  of 
Mr.  John  Griffiths.  This  application  is  more  promising  than  any 
which  have  preceded  it,  and  is  now,  we  are  told,  on  trial  in  sevenJ 
works. 

The  puddling  process  consists  in  stirring  the  melted  cast-iron  on 
the  bed  of  a  reverberatory  furnace,  so  as  to  expose  it  to  the  action  of 
the  air.  This  is  usually  performed  by  means  of  a  stirring  tool,  called 
a  rabble,  by  which  the  workman  stirs  the  melted  iron.  Mr.  Griffiths, 
by  means  of  machinery,  gives  nearly  the  same  motion  to  a  rabble  as  is 
given  to  it  by  the  puddler,  and  the  puddling  is  effected  without  manual 
labour,  or  nearly  so. 

The  construction  of  the  machinery  will  be  easily  understood  by 
reference  to  the  accompanying  woodcuts  (pages  494  and  495). 
a  a  are  two  cross  bars  fixed  on  the  furnace  h,  on  which  rests  a  circular 
bed-plate  c,  above  which  is  another  circular  plate  d,  which  has  a 
reoiprocatory  motion  through  about  a  quadrant.  This  upper  plate  d 
is  supported  on  the  bed-plate  c,  by  spheres  or  balls  e,  which  move  in 
a  groove.  A  vertical  shaft  /,  working  in  the  bearing  g,  in  the  bed- 
plate, passes  through  and  works  loosely  in  the  movable  plate  d. 
This  shaft  below  the  bed-plate  c  carries  a  bevil-toothed  wheel  t,  which 
gears  with  another  bevil-toothed  wheel  h,  on  the  horizontal  shaft  /, 
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In  order  to  facilitate  the  proceBS  of  oxidation,  and  to  refine  the 
iron,  Mr.  Gri£&ths  sribstitntes,  at  the  proper  times  during  the  process,  a 
hollow  rabble,  or  puddling  tool.  The  object  of  this  being  to  convey 
air,  either  hot  or  cold,  to  the  iron,  this  blast  being  supplied  to  the 
hollow  tool  by  a  flexible  tube  capable  of  ready  attachment  to,  and 
detachment  from,  the  tool. 

In  the  Annates  des  Mines  in  1862,*  MM.  Dumeny  and  Lemnt 
described  a  mechanical  puddler  which  had  beei^  adopted  at  the  Clos- 
Mortier  Forges,  Haute  Mame.  Even  then  the  inventors  conceived 
they  had  obtained  an  improvement  in  the  quality  of  the  products,  an 
economy  in  the  consumption  of  materials,  and  a  diminution  in  the 
labour  of  the  puddler.  In  a  recent  number  I  of  the  same  journal,  M. 
Lemut  informs  us  that  the  result  of  working  at  seven  furnaces  fitted  with 
the  mechanical  puddler  is  so  satisfactory,  that  there  is  no  hesitation 
felt  in  applying  them  without  further  modification  to  all  the  other 
furnaces.  In  the  present  state  of  things  in  this  country,  it  is  very 
important  to  obtain  the  advantage  of  the  experience  of  two  years'  prac- 
tice in  large  and  well-conducted  forges.  M.  Lemut  gives  the  following 
summary : — 

The  consumption  of  fuel  for  each  ton  of  malleable  iron  made  is 
considerably  reduced. 

Economy  is  effected  in  the  general  expenses,  as  the  work  is  acceler- 
ated, and  the  production  of  each  furnace  increased. 

The  "underhand"  is  dispensed  with,  and  the  labour  of  the 
puddler  is  diminished. 

But,  he  says,  the  improvement  in  the  quality  of  the  iron  is  the 
most  important  result  of  mechanical  puddling.  Grey  pig-iron  made 
with  coke,  which  was  difficult  to  refine  under  the  action  of  three  or 
four  heavy  rabbles,  "  came  to  nature  "  in  a  very  short  time  with  the 
addition  of  cinders,  and  produced  iron  of  a  superior  quality. 

It  may  be  incidentally  noticed  that,  on  the  Continent,  considerable 
attention  has  lately  been  given  to  the  construction  of  the  blast  furnace. 
In  1859,  Mr.  Alger,  an  American  ironmaster,  formed  a  company  for 
introducing  a  new  form  of  furnace,  the  hearth  being  an  elongated 
ellipse.  Although  some  experiments  made  appeared  to  indicate  a 
favourable  result,  this  furnace  has  not  been,  in  this  country,  adopted. 
A  Eussian  mining  engineer.  General  Wladimir  Bachette,  showed  at 
our  Exhibition  of  1862,  a  model  of  his  new  blast  furnace.  This  did  not 
excite  much  attention  in  this  country,  but  in  Bussia  and  in  Germany 
some  of  Eachette  8  furnaces  have  been  constructed,  and  the  results  are 
said  to  be  in  every  way  satisfactory.  Like  Alger's  furnace,  Bachette's 
has  a  hearth  of  a  narrow  and  elongated  section.  A  good  account  of 
this  furnace  and  its  applications  has  been  given  by  Dr.  L.  Beck,  of 
the  Metallurgical  Laboratory,  Boyal  School  of  Mines.J 

M.  Eugene  Peligot  has  recently  brought  before  the  Academy  of 
Sciences,  of  Paris,  the  result  of  his  experimental  researches  on  the 
alloys  of  zinc  and  silver,  and  of  silver  and  copper.     These  examina- 

♦  •  Annales  des  Mines,*  6th  series,  tome  ii.  1862. 
t  *  Annales  des  Mines,'  6th  series,  tome  iv.  1864. 
X  *  Milling  and  Smelting  Magazine,*  April,  18()4, 
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tionB  have  been  made  with  a  view  to  some  alterations  in  the  French 
coinage  system.  An  alloy  prepared  with  835  parts  of  silver,  93  parts 
of  copper,  and  72  of  zinc,  presents  many  advantages.  The  fact  that 
this  alloy  is  obtained  by  adding  77  grammes  of  zinc  to  each  kilo- 
gramme of  the  existing  money,  is  considered  a  strong  recommendation. 
All  the  alloys  of  silver  with  zinc  are  found  to  be  perfectly  homoge- 
neous, and  for  coining  possesses  all  the  advantages  which  belong  to 
the  alloys  of  silver  and  copper,  giving  a  metal,  at  the  same  time,  of  a 
fine  white  colour. 

An  alloy  of  850  parts  of  silver,  with  150  parts  of  zinc,  is  said,  from 
its  fine  colour,  to  be  weU  fitted  for  bijouterie.* 


IX.  PHYSICS. 


Light. — Since  our  last  Chronicles  of  the  progress  of  optical  science, 
many  interesting  researches  have  been  made,  foremost  of  which  should 
be  mentioned  &e  striking  discovery  by  MM.  Plucker  and  Hittorf, 
that  certain  bodies,  such  as  nitrogen  and  sulphur,  give  two  very 
diiibrent  spectra,  according  to  the  temperature  to  which  the  incan- 
descent vapour  is  submitted.  To  show  this,  they  pass  through  the 
tubes  (containing  the  gas  or  vapour  in  a  highly  rarefied  state)  the 
ordinary  current  of  an  induction  coil ;  in  this  manner  they  obtain  what 
is  named  the  first  spectrum,  formed  of  large  bands  more  or  less  regular, 
and  often  presenting  the  appearance  of  channelled  spaces  cut  out  by 
black  rays.  This  corresponds  to  the  lowest  temperature.  By  inter- 
posing a  Leyden  jar,  and  varying  the  surface  of  this  jar,  the  calorific 
action  is  likewise  varied ;  in  this  manner,  by  gradually  raising  the 
temperature  of  the  gaseous  body,  they  find  that  at  a  certain  point  an 
essential  modification  takes  place  in  its  molecular  constitution,  and 
another  and  entirely  different  spectrum  suddenly  takes  the  place  of 
the  former  one.  This  second  spectrum,  corresponding  to  the  higher 
temperature,  is  generally  characterized  by  brilliant  rays  on  a  more  or 
less  luminous  ground.  Sulphur  shows  in  a  striking  manner  the  abrupt 
passage  from  one  spectrum  to  the  other.  Upon  gradually  increasing 
the  temperature,  the  first  spectrum  gets  brighter  and  brighter ;  when 
at  the  moment  it  attains  its  maximum  of  brilliancy,  it  suddenly  disap- 
pears and  gives  place  to  the  second  spectrum,  the  richest  in  brilliant 
rays  which  the  authors  had  ever  seen.  On  lowering  the  temperature, 
the  second  spectrum  disappears  equally  suddenly  and  gives  place  to 
the  first. 

Nitrogen  gives  three  spectra,  showing  three  different  molecular 
conditions.  Naming  these  according  to  the  general  character  of  the 
bands  they  show,  MM.  Plucker  and  Uittorf  consider  that  nitrogen  has 
two  distinct  first  spectra, — one  of  a  yellow  colour,  corresponding  to 
the  less  degree  of  incandescence,  and  the  other  of  a  blue  colour,  corre- 

*  *  Lc8  MondeH,  Rcvuo  Ilubdnmudaire  des  Sciences,'  tome  iv.  15  liviaiflon. 
'  L'lnstitut,  Journal  UniverBcl  des  Sciences/ 
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Bponding  to  a  higher  degree  of  incandesoenoe.  The  second  spectmin 
is  produced  by  a  very  much  more  intense  heat  than  that  required  to 
show  the  two  first  spectra.  Oxygen,  chlorine,  bromine,  and  iodine 
have  only  one  spectrnm. 

Mitscherlich  has  .found  that  when  a  drop  of  a  solution  of  chloride 
of  barium  mixed  with  sal  ammoniac  is  introduced,  into  the  flame  of  a 
spectroscope,  two  brilliant  green  rays,  having  no  connection  with  the 
barium  spectrum,  make  their  appearance.  Sometimes  these  two  green 
rays  are  unaccompanied  by  the  barium  spectrum,  and  sometimes  they 
are  superimposed  upon  it.  He  also  finds  that  most  inetaUic  spectra 
are  modified  by  the  presence  of  hydrochloric  acid,  or  chloride  of  am- 
monium vapour ;  in  some  the  lines  entirely  disappear,  while  in  others 
new  lines  make  their  appearance.  He  explains  this  by  assuming  that 
in  the  one  case  the  spectrum  is  that  of  the  metal  itself  whilst  in  the 
other  it  is  that  of  the  compound. 

The  spectrum  of  carbon  has  attracted  considerable  attention  lately. 
From  an  examination  of  the  spectra  produced  by  carbonic  oxide,  car- 
bonic acid,  sulphide  of  carbon,  cyanogen,  and  defiant  gas,  either  ignited 
in  the  air  or  rendered  incandescent  by  the  spark  of  an  induction  coil. 
Dr.  Attfield  was  led  to  the  conclusion  that  certain  lines  which  were 
common  to  all  of  these  compounds  were  due  to  carbon,  and  constituted 
the  spectrum  of  this  element.  M.  Morren,  in  examining  a  candle 
flame,  finds  that  the  blue  portion  at  the  base  of  the  flame  '^  is  the 
vapour  of  carbon  preserved  from  combustion,  but  kept  at  a  very  high 
temperature  by  the  envelope  of  hydrogen."  M.  Morren  leaves  us  in 
the  dark  as  to  how  the  carbon  gets  into  this  vaporous  state,  neither 
does  he  explain  how  it  is  that  the  low  temperature  of  the  blue  part  of 
the  candle  flame  is  hot  enough  to  keep  free  carbon  in  a  state  of  vapour, 
when  it  is  notorious  that  the  highest  artificial  heat  yet  produced  is  in- 
sufficient to  eflect  this.  According  to  Dr.  Boscoe,  the  spectra  which 
these  various  forms  of  carbon  compounds  give  when  in  the  state  of 
incandescent  gas  are  not  quite  identical.  Thus,  the  so-called  carbon 
rays  obtained  with  the  flame  of  defiant  gas  differ  from  those  ob- 
tained by  the  electric  discharge  through  a  vacuum  of  the  same  gas ; 
whilst  a  spark  passing  through  a  cyanogen  vacuum  produces  a  spec- 
trum identical  with  that  of  the  defiant  gas  flame,  and  the  spark 
through  a  carbonic  oxide  vacuum  gives  a  spectrum  coincident  with 
that  of  the  defiant  gas  vacuum. 

A  series  of  experiments  on  the  intensity  of  the  solar  radiation  has 
been  made  by  Father  8eochi ;  his  apparatus  consists  of  two  cylinders 
placed  one  within  the  other,  the  space  between  the  two  being  filled 
with  water  at  a  certain  temperature.  The  aperture  of  the  inner  cylin- 
der is  closed  at  one  end  by  a  plate  of  glass,  and  the  other  is  partially 
closed  by  a  diaphragm  with  an  aperture  ;  a  black  bulb  thermometer  is 
placed  in  the  axis  of  the  inner  cylinder.  On  exposing  this  instrument 
to  the  Sim,  it  was  found  that  the  same  difference  of  temperature  between 
the  black  bulb  thermometer  was  always  maintained,  whatever  was  the 
temperature  of  the  water,  and  that  the  sun  at  mid-day  produced  no 


1864.]  Physics.  499 

greater  difference  between  these  two  temperatnres  in  Biunmer  than  in 
winter,  although  in  the  latter  case  the  rays  have  to  travel  throngh 
about  twice  as  much  atmosphere.  The  explanation  of  this  is,  that 
there  is  more  aqueous  vapour  in  the  air  in  summer  than  in  winter, 
thus  fully  bearing  out  the  observations  of  Professor  TyndaU  as  to  the 
power  of  the  vapour  of  water  to  intercept  the  sun's  rays. 

A  discussion  has  been  going  on  between  MM.  Van  Monkhoven 
and  Bertsch  on  the  possibility  of  constructing  a  system  of  lenses 
which  will  augment,  the  intensity  of  the  solar  rays  without  changing 
their  parallelism.  M.  Bertsch  has  proposed  an  arrangement  intended 
to  effect  thiS'Object,  consisting  of  a  convex  lens,  on  which  the  solar 
rays  fall,  forming  an  image  of  the  sun  in  its  focus.  Between  the  lens 
and  focus,  however,  a  small  concave  lens  is  interposed,  in  such  a 
position  that  the  convergent  rays,  after  passing  through  the  second 
lens,  emerge  parallel  and  concentrated.  A  similar  effect  may  be 
obtained  by  having  a  small  convex  lens  of  short  focus  placed  beyond 
the  focus  of  the  larger  lens.  M.  Van  Monkhoven  argues  that 
although  an  apparatus  of  this  kind  would  be  applicable  to  light  issu- 
ing from  a  luminous  point  at  an  infinite  distance  off,  the  instrument 
is  inapplicable  to  sun-light,  because  this  body  has  a  sensible  diameter ; 
and  since  the  image  formed  at  the  focus  of  the  larger  lens  would  be 
necessarily  of  greater  diameter  than  that  formed  by  the  other  at  its 
focus,  no  condensation  can  possibly  take  place.  To  this  argument 
M.  Bertsch  replies,  that  he  has  made  the  instrument,  and  it  does  an- 
swer ;  and  that  a&  the  angles  of  the  pencils  of  rays  proceeding  from  the 
sun  never  exceed  half  a  degree,  they  are  so  snuJl  that  they  may  be 
neglected. 

We  have  already  *  called  attention  to  some  researches  by  M.  O. 
Quincke,  on  the  optical  properties  of  the  metals,  ii^  which  he  showed 
that  their  refractive  indices  were  less  than  unity ;  in  a  second  memoir 
by  the  same  author  on  this  subject,  the  theory  is  followed  out  mathe- 
matically as  well  as  experimentsLlly,  and  l^e  further  discovery  is 
announced  that  the  refractive  index  of  the  metals  is  dependent  upon 
the  angle  of  incidence  and  increases  with  an  increasing  angle. 

When  a  luminous  body  is  viewed  through  some  kinds  of  trans- 
parent minerals,  such  as  certain  varieties  of  mica,  rays  of  light  are 
seen  to  diverge  from  the  luminous  centre,  at  equal  distances  apart. 
This  appearance  has  received  the  name  of  asteriam,  A  method  of 
producing  asterism  artificially,  in  a  manner  as  clear  and  perfect  as  is 
met  with  in  some  of  the  naturally- occurring  minerals,  has  lately  been 
published  by  M.  C.  A  Gruel,'!'  of  Berlin.  A  clear  piece  of  plate-glass 
is  cut  in  the  form  of  an  equilateral  triangle,  with  sides  measuring  1^ 
to  2  inches.  The  surface  of  this  triangle  is  then  rubbed  backwards 
and  forwards  a  few  times  on  a  sheet  of  fine  emery-paper ;  each  of  the 
three  sides  being  successively  guided  against  a  metal  rule,  which  at 
the  same  time  being  pressed  on  the  emery-paper,  keeps  it  in  position. 

♦  *  Quarterly  Journal  of  Science/  vol.  i.  p.  342. 
t  *  Pliil.  Mag,'  scries  iv.  vol.  xxviL  p.  400. 
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The  feeble  striping  of  the  glass  surface  thus  obtained  produces  accn- 
rately  the  condition  of  a  series  of  lines  crossing  at  an  angle  of  60**, 
which  is  fulfilled  by  the  similarly  directed  edges  of  the  groups  of 
microscopic  crystals  observed  in  some  kinds  of  mica,  &c.  By  cutting 
the  glass  to  the  shape  of  any  other  regular  sided  figure,  and  rubbing 
it  with  emery-paper  in  directions  piuullel  to  the  different  sides,  an 
eight-,  ten-,  or  multi-fold  star  will  be  produced,  according  to  the 
angle  under  which  the  series  of  lines  cross.  These  are  best  obseryed 
by  holding  the  glass  near  the  eye,  and  looking  at  a  fine  hole  in  a  plate 
of  metal  behind  which  a  candle-flame  is  placed. 

A  new  analysis  of  Fraiinhofer's  line  J)  has  lately  been  communi- 
cated to  the  Eoyal  Society  by  Mr.  Gassiot.  The  spectroscope  with 
which  it  was  performed  was  made  by  Browning,  and  is,  without 
doubt,  the  most  magnificent  instrument  of  the  ^nd  which  has  ever 
left  the  workshops  of  that  optician.  The  train  consists  of  no  less 
than  eleven  bisulphide  of  carbon  prisms,  the  sides  of  which  are  pre- 
pared by  Professor  Cooke's  method,  so  as  to  remedy  the  curvature  of 
the  glass-plate  from  the  hardening  of  the  glue.  On  examining  the 
double  line  J),  after  passing  through  this  train,  it  was  found  that  its 
two  components  were  separated  3'6'',  and  that  there  was  a  third  line 
exactly  equidistant  between  them,  together  with  other  lines,  filling 
up  the  intermediate  space.  But  the  most  remarkable  circumstance 
was,  that  the  two  dark  lines  composing  the  double  line,  were  them- 
selves each  split  up  into  three  lines,  the  centre  one  being  the  thickest. 
It  is  intended  to  examine  other  parts  of  the  spectrum  with  this  appa- 
ratus, and  there  is  no  doubt  that  very  valuable  results  will  be  obtained 
from  such  an  extended  investigation. 

Spectrum  analysis  is  not  only  applicable  to  the  detection  of 
metallic  elements  By  a  slight  modification  of  the  apparatus,  this 
powerful  agent  may  be  applied  to  the  discrimination  of  a  vast  number 
of  organic  bodies ;  hitherto,  however,  this  branch  of  the  subject  seems 
to  have  been  unaccountably  neglected.  Professor  Stokes  being  almost 
the  only  person  who  has  assiduously  devoted  himself  to  the  subject. 
One  of  the  most  recent  results  at  which  he  has  arrived  is  likely  to 
be  of  considerable  practical  importance.  He  has  submitted  blood  to 
searching  spectrum  analysis,  botib  before  and  after  treatment  with  dif- 
ferent chemical  re-agents.  This  liquid  exhibits  two  well-marked  dark 
bands  in  the  yellow  and  green.  These  were  first  noticed  by  Hoppe, 
and  are  eminently  characteristic  of  blood.  The  addition  of  an 
alkaline  solution  of  copper  to  this  fluid  still  shows  these  characteristic 
bands,  although  to  the  eye  the  colour  is  quite  changed.  On  adding, 
on  the  other  hand,  acetic  acid  to  a  solution  of  blood,  the  colour  was 
very  slightly  changed,  but  the  bands  had  entirely  disappeared.  A 
comparison  of  these  bands  with  those  given  by  some  iron  salts,  nega- 
tive the  supposition  that  the  colour  of  blood  is  due  to  a  salt  of  iron^ 
as  such,  even  had  we  no  other  means  of  deciding. 

In  a  note  by  M.  Marignac,  on  silico-tungstic  acid,  he  describes  a 
remarkable  series  of  compounds,  most  of  their  properties,  however, 
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belonging  more  to  the  domain  of  chemistry  than  optics ;  one  com- 
pound, the  silico-timgstate  of  soda,  is  likely  to  be  of  great  use  in  the 
manufacture  of  fluid  prisms,  inasmuch  as  a  solution  can  be  obtained 
having  the  specific  gravity  of  3*05,  and  being  very  fluid,  but  on  which 
glass,  quartz,  and  most  stones  will  float.  If  its  refracting  powers  are 
equal  to  its  density,  this  solution  will  be  invaluable  for  fluid  prismis. 
We  may  also  mention  that  a  compound  of  thallium  with  the  elements 
of  alcohol,  ethylate  of  thallium,  has  also  been  proposed  for  the  con- 
struction of  fluid  prisms.  It  is  a  heavy,  oily  liquid,  of  about  the 
density  and  refracting  power  of  bisulphide  of  carbon,  but  unlike  the 
latter  liquid,  non-volatile. 

A  most  ingenious  application  of  scientific  principles  to  the  illumi- 
nation of  theatres  has  just  been  carried  out  by  M.  Soubra.  The  foot- 
lights in  front  of  the  stage  of  a  theatre  are  almost  invariably  argand 
burners,  surrounded  by  glass ;  not  only  is  there  very  great  danger  of 
the  thin  dresses  worn  by  the  actresses  taking  fire,  but  the  products  of 
combustion  vitiate  the  atmosphere  of  the  stage,  whilst  the  heated  air 
rising  from  them  just  across  the  line  of  sight  of  the  spectators  in  the 
stalls,  renders  the  view  from  these  seats  less  pleasant  than  it  would 
otherwise  be.  The  reason  why  the  flame  of  an  argand  burner,  or  any 
any  other  light,  points  upwards,  is  owing  to  the  heated  air  and  pro- 
ducts of  combustion  being  lighter  than  cold  air ;  the  former,  therefore, 
rise  upwards,  and  cause  the  flame  to  rise  also.  If,  however,  a  down- 
ward movement  could  be  impressed  upon  the  heated  products  of 
combustion,  the  flame  would  equally  well  follow  the  same  direction, 
and  woidd  continue  to  bum  downwards.  M.  Soubra,  therefore,  takes 
a  wide  glass  pipe,  bent  in  the  form  of  the  letter  XJ  ;  one  leg,  however, 
being  considerably  longer  than  the  other  one.  Just  inside  the 
shorter  leg  of  the  two,  an  argand  burner  is  inverted,  and  the  longer 
leg  of  the  tube  being  heated  for  a  short  time,  so  as  to  rarefy  the  air 
in  it,  and  cause  a  downward  current  in  the  short  end,  the  argand 
burner  is  lighted,  and  the  flame,  following  the  direction  of  the 
current  of  air  with  which  it  is  surrounded,  continues  to  bum  upside 
down — the  current  once  established  being  sustained  by  the  heat  from 
the  inverted  flame.  The  advantages  from  this  new  arrangement  are 
as  follows:  — The  supports  of  the  globes,  or  lamp-glasses,  are  placed 
above  the  flame,  and  do  not  intercept  the  light ;  the  reflectors  aLso  are 
in  no  danger  of  becoming  blackened  by  smoke,  and  they  collect  rays 
that  would  otherwise  be  lost  in  the  air ;  the  flame  has  a  more  elevated 
temperature,  on  account  of  the  heat  being  concentrated  by  the  syphon, 
and  the  carbon  is  consequently  rendered  more  incandescent ;  the  pro- 
ducts of  combustion  may  easily  be  carried  away  through  the  longer  leg 
of  the  tube  into  a  chimney,  instead  of  vitiating  the  air  of  the  apart- 
ments. The  advantages  as  to  safety,  &&,  of  this  plan  are  so  obvious, 
that  no  time  should  be  lost  in  introducing  this  method  of  illumination 
in  this  country.  It  is,  we  understand,  already  adopted  in  France  with 
great  success. 

Many  years  ago  Mr.  Fox  Talbot  discovered  that  when  a  continuous 
spectioim  is  examined  by  covering  one-half  of  the  pupil  of  the  eye 
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with  a  thin  transparent  plate,  bo  as  to  modify  that  part  of  the  pencil 
of  rays  on  the  side  of  the  violet  part  of  tike  spectrum,  a  number 
of  transverse  bands,  alternately  light  and  dark,  appear  to  trayerse 
it.  Brewster  discovered  that  these  bands  were  not  formed  when  the 
thin  plate  was  placed  on  the  side  of  the  spectrum  corresponding  with 
the  red  rays.  It  has  since  been  discovered  that  these  bands  may  be 
produced  by  interposing  the  thin  plate  in  other  portions  of  the  path 
of  the  ray,  besides  putting  it  close  to  the  eye.  Baden  PoweU,  and 
Stokes  have  since  studied  the  phenomena  both  experimentally  and 
theoretically,  and  the  latter  physicist  found  that  the  effects  were  best 
produced  by  the  partial  immersion  of  a  transparent  plate  in  the  liquid 
of  a  fluid  prism.  M.  Bernard  has  lately  studied  these  phenomena, 
and  has  arranged  his  apparatus  in  the  following  manner :— A  ray  of 
solar  light  passing  through  a  narrow  oriflce  falls  on  the  slit  of  a  spec- 
troscope, the  defnngent  plate  being  then  placed  between  the  aperture 
admitting  the  light  and  the  slit  of  the  spectroscope,  and  some  adjust- 
ments and  arrangements  are  made,  into  the  detail  of  which  we  need 
not  enter.  In  this  manner  M.  Bernard  is  enabled  to  obtain  a  very 
luminous  spectrum,  and  he  has  been  led  by  an  examination  of  the 
phenomena  to  the  discovery,  that  through  them  he  is  enabled  to 
obtain  the  length  of  the  waves  of  any  desired  ray  of  light  or  spectrum 
line  with  much  greater  accuracy  than  by  the  ordinary  diffraction 
method.  In  his  inemoir  he  has  given  the  wave  lengths  of  the  seven 
principal  rays  of  the  solar  spectrum,  together  with  that  of  the  ray  A» 
which,  owing  to  its  funtness,  has  not  yet  been  satisfactorily  deter- 
mined, and  the  green  ray  of  thallium.  Their  values,  expressed  in 
millionths  of  a  millimetre,  are — 

A  =  760-6 
Tl  =  535-2  • 

The  diffiringent  plate  of  quartz  is  about  a  millimetre  thick,  and  its 
thickness  can  be  determined  with  absolute  accuracy  with  the  sphero- 
meter ;  and  when  it  is  remembered  that  between  A  and  H  there  are 
for  this  thickness  more  than  700  interference  bands,  and  that  it  is 
easy  to  estimate  to  the  tenth  of  a  band,  it  is  seen  that  there  are  more 
than  7,000  invariable  points  in  this  portion  of  the  solar  spectrum,  and 
it  is  by  reference  to  these  that  M.  Bernard  proposes  to  classify  the 
rays  of  the  alkaline  metals  and  other  interesting  spectra.  For  this 
purpose  he  has  constructed  an  apparatus  which  acts  both  as  a  spectro- 
scope and  a  goniometer,  and  which  enables  the  observer  to  measure  to 
within  10'',  the  indices,  a  knowledge  of  which  is  necessary  to  calculate 
the  wave  lengths. 

HsAT.— Some  important  results  have  been  communicated  to  the 
Berlin  Academy  by  M.  Hagen,!  respecting  the  heat  of  the  sun's  rays. 
He  has  come  to  the  conclusion  that  the  heating  effect  produced  by 
the  sun's  rays  on  entering  this  atmosphere  may  be  expressed  by  say- 

♦  Dr.  J.  Miiller  (•  Quarterly  Journal  of  Scieuce,'  vol.  i.  p.  157)  finds  the  length 
of  the  wave  of  the  green  thallium  line  to  be  534*8  luilliontliB  of  a  millimetre, 
t  'Phil.  Mag.,'  ser.  iv.  vol.  zzvii.  p.  478. 
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ing  that  a  bundle  of  rays  having  a  section  of  a  square  incli,  would  in 
one  minute  raise  the  temperattue  of  a  cubic  inch  of  water  by  0*733  of  a 
degree  centigrade.  On  comparing  these  results  with  those  of  Pouillet,  it 
is  seen  that  the  latter  observer  found  the  heat  of  the  sun*s  rays  to  be  one- 
eighth  less.  Pouillet,  however,  assumed  that  the  height  of  the  earth's 
atmosphere  was  [equal  to  the  80th  part  of  the  earth's  radius,  whilst 
M.  Hagen  finds  that  the  height  of  the  atmosphere,  assuming  ihat  the 
layers  of  air  have  the  same  power  of  absorption,  is  only  equal  to  the 
173rd  part  of  the  earth's  radius. 

In  his  remarkable  work  on  heat  considered  as  a  mode  of  motion, 
Dr.  Tyndall  observed  that  it  would  be  interesting  to  see  whether  the 
balls  of  rifled  guns  would  not  show  signs  of  faision.  M.  Schroeder 
remarks,  that,  by  having  a  ball  constructed  of  zinc,  he  thinks  it  would 
be  possible  to  estimate  the  amount  of  heat  given  out  on  striking  the 
target.  He  finds  that  at  a  temperature  above  boiling  water  zinc  be- 
comes granular,  and  that  if  the  heat  is  very  gradually  increased,  the 
metal  will,  without  losing  its  form,  assume  exactly  the  appearance  of 
zinc  that  has  been  melted.  It  is  not  unlikely  that  an  experiment  with 
this  metal  might  famish  some  information,  but  the  determinations  of 
temperature  would  not  be  very  accurate,  and  it  would  probably  be 
possible  to  discover  a  more  certain  way  of  estimating  the  heat  given 
out  by  the  concussion  ;  at  the  same  time  the  suggestion  is  useful  in 
the  absence  of  a  better  measure  of  temperature  under  the  conditions  of 
the  experiment. 

Dr.  Tyndall  has  been  for  some  time  past  engaged  in  some  investi- 
gations on  the  non-luminous  heat- rays  of  the  spectrum  with  reference 
to  their  deportment  towards  certain  bodies  which  are  perfectly  opaque 
to  light.  He  has  found  that  a  solution  of  iodine  in  bisulphide  of 
carbon  entirely  intercepts  the  light  of  the  most  brilliant  flames,  whilst 
to  the  ultra  red  rays  of  the  spectrum  the  same  solution  is  perfectly 
diathermic.  If  a  hoUow  prism  is  filled  with  tiiis  opaque  liquid  and 
placed  in  the  path  of  the  beam  from  an  electric  lamp,  tiie  light-spec- 
trum will  be  completely  intercepted,  whilst  the  heat-spectrum  passes 
through,  and  can  be  examined  by  a  thermo-electric  pile.  A  liquid  of 
this  kind,  which  will  allow  physicists  to  sift  the  heat-rays  from  the 
light-rays,  will  be  of  great  value  in  many  experiments  in  physical 
optics.  Indeed,  the  discoverer  is  not  the  person  to  allow  such  a 
valuable  adjunct  to  experiment  to  remain  idle  in  his  hands. 

It  has  long  been  known  that  heat  weakens  or  destroys  the  mag-, 
netic  force  in  permanent  magnets,  but  we  are  not  aware  that  any  very 
accurate  researches  have  been  made  on  this  subject.  M.  Mauritius 
has  lately  published*  some  results,  in  which  he  shows  that  when  a 
permanent  magnet  is  alternately  exposed  to  the  temperatures  100^  C. 
and  0°  C,  the  magnetism  ultimately  becomes  sensibly  constant  on 
the  return  of  the  same  temperature.  It  is  now  found  that  when  the 
magnetism  at  0°  and  then  the  magnetism  at  100°  are  measured,  a  dimi- 
nution takes  place  at  the  higher   temperature  and  a  corresponding 

•  •  Biblioth^que  Univereelle  de  Gon^ve,*  March,  1864. 
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increafle  at  the  lower  temperature,  and  that  the  diminntioii  of  the  mag- 
netic force  from  0*"  to  100°  is  proportional  to  its  magnetism  at  0®. 
With  regard  to  temporary  magnetism  induced  in  soft  iron,  cast-iron, 
and  steel  bars  by  means  of  an  electro-magnetic  coil,  it  was  found  that 
at  a  bright  red  heat  none  of  the  bars  were  magnetic.  Approximate 
determinations  of  the  descending  temperature  at  which  magnetism 
begins  to  be  manifested  gave  IjOOO"".  With  the  steel  bar  the  increase 
of  magnetic  power  takes  place  at  first  very  rapidly,  then  for  a  certain 
time  it  goes  on  slowly,  and  then  again  follows  a  period  of  rapid 
augmentation.  With  the  cast-iron  bars  the  second  period  of  rapid 
increase  is  also  observed,  but  in  a  less  marked  degree  ;  but  with  the 
wrought-iron  it  does  not  exist.  The  author  believes  he  may  con- 
clude from  his  experiments  that  the  magnetic  properties  of  iron  are 
developed  suddenly  at  a  determinate  temperature. 

Elbgtbigitt. — A  very  valuable  instrument  for  the  production  of  a 
constant  stream  of  electricity  has  been  for  some  months  past  exhibited 
in  the  scientific  circles  of  London.  It  is  an  electro-magnetic  induc- 
tion machine,  but  unlike  ordinary  machines  of  this  kind  the  stream  is 
constant  in  one  direction,  and  it  can  be  produced  of  any  tension  or 
quantity  that  may  be  required.  Many  attempts  have  been  made  to  use 
induced  electricity  for  telegraphy,  but  they  have  generally  failed  be- 
cause the  tension  of  the  current  is  too  great,  and  the  electricity  is  in 
impulses.  What  has  long  been  wanted  is  as  near  an  approach  to  a 
battery  current  as  possible,  and  of  any  required  tension  or  quantity 
without  multiplying  the  number  of  battery  cells  used.  The  machine 
must  also  be  perfectly  self-acting.  The  way  in  which  these  desiderata 
are  effected  in  the  machine  now  alluded  to  is  by  using  two  series  of 
induction  coils,  which  are  so  arranged  that  one  is  being  magnetized 
nearly  at  the  same  time  that  the  magnetism  is  subsiding  in  the  other, 
so  that  the  two  induced  impulses  may  be  said  to  overlap  each  other ; 
and  though  these  are  in  opposite  directions,  the  spools  are  so  arranged 
that  in  the  general  induction  circuit  they  flow  in  the  same  direction, 
thus  making  a  compound  impulse  of  longer  duration,  composed  of  the 
two  opposite  inductions.  Such  a  compound  impulse  is  produced  from 
each  induction  coil,  and  by  an  ingenious  arrangement  of  the  commu- 
tator, they  are  all  turned  into  one  direction,  producing  a  slightly  un- 
dulating but  continuous  flow.  The  machine  is  made  for  quantity,  the 
inner  coils  being  of  number  12  wire,  and  the  outer  of  number  18.  To 
an  electrician  the  very  name  induction  coil  speaks  danger,  as  it  conjures 
'up  visions  of  powerful  sparks,  many  inches  long,  darting  from  pole  to 
pole,  and  capable  of  piercing  through  considerable  thicknesses  of 
gutta-percha,  or  even  glass.  Experiments  have,  however,  shown  that 
such  fears  are  groundless  with  an  instrument  of  this  construction  ; 
the  two  wires  may  be  brought  so  close  together  that  a  considerable 
magnifying  power  is  required  to  show  that  there  is  any  space  at  all 
between  them,  before  a  spark  will  bridge  across  the  interval,  and  it  is 
then  of  the  feeblest  and  most  innocent  description,  being  unaccompanied 
with  noise  and  scarcely  visible  in  daylight.  The  striking  distance  is 
less  than  the  thousandth  of  an  inch. 
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Whilst  the  electrical  relations  of  metals,  &c.,  in  aqueous  solutions 
of  acids,  alkalies,  and  salts,  have  been  repeatedly,  and  we  may  almost 
say  exhaustively  examined,  few,  if  any,  experiments  have  been  made  on 
the  similar  relations  in  fused  substances.  This  gap  has  now  been  filled 
up  by  Mr.  Grore,*  who  has  examined  the  electri^  relations  of  carbon, 
magnesium,  aluminium,  silicium,  zinc,  tin,  lead,  iron,  nickel,  copper, 
silver,  gold,  and  platinum,  in  sixty-seven  salts  or  mixtures  of  salts 
kept  in  a  state  of  fusion,  in  small  porcelain  crucibles,  either  by  an  or- 
dinary Bunsen  burner,  or  when  dif&cultly  fusible,  by  one  of  his  small 
gas  furnaces  already,  described  in  this  Journal.  The  results  are  care- 
fully tabulated,  and  amongst  others  it  is  found  that  the  most  negative 
substances  in  fused  salts  are  generally  platinum,  gold,  carbon,  and 
silver ;  the  most  positive  substances  are  generally  magnesium,  alu- 
minium, and  zinc.  Silicium  is  generally  electro-positive  to  carbon, 
and  is  strongly  positive,  and  quickly  corroded  in  fused  alkalies,  alka- 
line carbonates  or  fluorides.  Carbon  is  not  generally  very  positive  to 
iron.  This  investigation  throws  some  light  upon  the  desirable  object 
of  obtaining  a  cheap  source  of  electricity  by  the  combustion  of  coke  or 
gas  carbon.  The  discovery  of  some  suitable  fused  salt  or  mixture,  in 
which  carbon  is  highly  electro-positive  at  a  high  temperature  to  iron, 
nickel,  or  other  infusible  and  suitable  conductor  would  probably  prove 
a  cheap  and  powerful  source  of  electricity  :  cheap,  because  of  the  low 
equivalent  number  of  carbon,  and  the  low  price  of  coke  and  gas  carbon ; 
and  powerful,  because  of  the  intense  affinity  of  carbon  for  oxygen  at 
high  temperatures, — an  affinity  sufficient,  indeed,  to  set  the  alkali 
metaU  Wrom  their  oxides.  The  nearest  appro.L,h  in  these  experi- 
ments  to  this  object  was  with  carbon  and  nickel  in  a  fused  mixture  of 
soda,  lime,  and  silica. 

Many  experimentalists  have  examined  the  stratified  light  of  the 
electric  discharge,  and  have  assigned  various  causes  for  this  curious 
phenomenon ;  they  seem,  however,  all  to  have  ended  in  the  establish- 
ment of  one  &ct  only,  that  the  alternate  light  and  dark  bands  require 
for  their  production  an  imperfect  conductor.  M.  L'Abb^  Laborde  f 
has  lately  succeeded  in  producing  an  analogous  stratified  appearance, 
and  permanently  fixing  it  on  a  plate  of  glass.  For  this  purpose  he 
prepares  a  glass  plate  with  iodized  collodion,  and  then  lets  it  undergo 
all  the  operations  customary  in  preparing  a  photographic  image.  It  is 
exposed  for  a  brief  time  to  light,  and  then  the  silver  is  reduced  by  a 
developing  agent.  A  surface  is  thus  obtained  which  possesses  an  in- 
terme<£ate  conductibility.  The  two  ends  of  the  induction  wire  being 
placed  a  little  distance  apart  on  the  surface,  the  spark  will  produce 
stratification  in  passing  from  one  to  the  other.  A  suitable  surface 
cannot  invariably  be  obtained ;  when  the  plate  presents  the  appearance 
known  as  solarization,  and  has  a  reddish  transparent  tint,  the  surfou^ 
is  not  sufficiently  conducting,  and  the  spark  passes  over  without  at- 
tacking it.  If  on  the  contrary  the  silver  is  completely  reduced,  and 
presents  a  metallic  and  mirror  like  layer,  it  conducts  too  well,  and  the 

*  •  Chemical  News,'  June  4, 1864. 
t  *  Comptes  RcnduH,'  Iviii.  661. 
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spark  trayerses  wiihont  modifying  it.  Between  these  two  extremes, 
snrflBkces  are  obtained  on  wliich  the  spark  produces  more  or  less  com- 
plete stratification  of  very  yaried  appearance.  The  designs  traced  by 
the  electric  current  are  transparent  on  an  opaque  surface,  so  that  they 
can  be  copied  directly  on  positive  photographic  paper. 

It  has  not  hitherto  been  possible  to  obtain  a  deflection  of  the  mag- 
netic needle  by  the  secondary  current  of  the  Leyden  battery,  but  by 
means  of  an  apparatus  which  he  calls  the  *'  electrical  yalve,"  M.  P. 
Biess*  has  succeeded  in  obtaining  evidence  of  this  deflection,  and  has 
deduced  the  convenient  rule  that  by  means  of  the  electrical  valve,  and 
in  any  position,  the  secondary  current  of  the  Leyden  jar  deflects  a  mag- 
netic needle  in  the  direction  of  a  current  proceeding  from  the  disc  to 
the  point  of  the  valve.  M.  Beiss  describes  a  numerous  series  of  ex- 
periments which  show  in  a  very  striking  manner  the  occurrence  of  the 
extra  current  in  the  circuit  of  the  battery  itself,  and  are  not  less  con- 
clusive than  are  the  previous  experiments  of  the  author  on  the  heating 
of  the  branches. 


X.  SANITARY  SCIENCE. 


That  the  weather  exercises  a  considerable  influence  over  the  health 
of  individuals  and  communities  has  long  been  a  favourite  article  in 
the  popular  creed,  and  this  belief  has  been  embodied  in  many  a  wise 
saw  and  pithy  proverb.  But  it  is  not  only  in  such  apophthegms  that 
this  conviction  of  the  influence  of  the  weather  upon  disease  and 
mortality  has  been  expressed ;  it  has  formed  the  subject  of  many 
laborious  and  learned  memoirs,  and  since  the  time  when  Hippocrates 
penned  his  celebrated  treatise  '  On  Airs,  Waters,  and  Places,'  it  has 
taken  a  permanent  position  in  the  medicid  literature  of  all  civilized 
lands.  In  more  modem  times  the  researches  of  Casper,  Quetelet, 
Boudin,  Guy,  Sir  James  Clark,  and  many  others,  have  done  much  to 
throw  light  upon  the  effects  produced  by  external  causes  on  the  con- 
stitution of  the  human  frame.  During  the  past  year,  the  literature  of 
this  subject  has  received  an  addition,  in  the  form  of  an  elaborate 
memoir  '  On  the  Influence  of  Weather  upon  Disease  and  Mortality,'  f 
by  Dr.  fi.  E.  Scoresby-Jackson,  in  whidi  an  endeavour  is  made  to 
treat  the  subject  in  a  somewhat  more  exact  manner  than  has  often 
been  attempted.  His  investigations  are  restricted  to  the  climate  and 
death-rate  in  the  eight  principal  towns  in  Scotland,  and  the  data  he  has 
employed  in  the  course  of  his  inquiry  have  been  furnished  by  the 
collected  returns  from  the  stations  of  the  Meteorological  Society  of 
Scotland,  and  from  the  mortality  tables  constructed  from  the  returns 
made  by  the  Scottish  Bcgistrar-General.  The  period  over  which  his 
investigations  have  extended  is  six  years.  At  the  outset  of  his  me- 
moir he  lays  down  the  following  proposition,  one,  we  think,  to  which 

♦  •  Phil.  Mag.;  eerieB  iv.  p.  313. 

t  Transactions  of  the  Boyal  Society  of  Edinburgh,  1863,  and  reprint. 
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sufBcient  attention  is  not  at  all  times  given  : — "  We  are  not  to  assume 
that  because  certain  conditions  of  weather,  as  indicated  hy  meteorolo- 
gical instruments  in  this  country,  are  opposed  to  recovery  from  certain 
diseases,  that  therefore  pati^its  so  suffering  are  not  to  be  sent 
into  any  country  where  meteorological  instruments  afford  exactly, 
or  even  nearly,  parallel  readings.  In  other  words,  in  estimating 
the  value  of  a  foreign  climate,  or  the  different  climates  of  our 
own  country,  we  are  not  to  depend  so  much  upon  a  comparison  of 
the  meteorological  data  of  the  several  places,  as  upon  the  meteorolo- 
gical data  and  the  prevalent  diseases  and  death-rate  of  one  and  the 
same  locality.  To  argue  that  because  a  given  condition  of  tempera- 
ture, atmospheric  pressure,  and  humidity,  in  Scotland,  is  accompanied 
by  a  certain  ratio  of  mortality,  therefore,  meteorological  data  being 
equal,  the  same  death-rate  will  be  observable  in  Torquay  or  Madeira, 
would  be  most  fallacious.  All  other  things  being  equal,  the  death- 
rate  would  also  coincide,  but  it  requires  much  more  than  mere  me- 
teorological analogy  to  establish  such  a  parallelism."  From  the 
materials  employed  by  the  author,  the  conclusions  he  has  arrived  at 
are  to  be  regarded  as  applicable  only  to  those  locaHties  in  Scotland 
from  which  his  data  were  obtained.  With  regard  to  the  influence  of 
temperature  on  mortality,  he  concludes  that  the  relationship  between 
mortality  from  all  causes  and  mean  temperature  is  inverse  when  the 
mean  is  below  50%  and  direct  when  the  temperature  is  higher,  i.e. 
the  relationship  is  inverse  in  winter,  spring,  and  autumn,  but  direct 
in  summer.  Again  a  low  winter  temperature  increases  the  mortality 
from  phthisis  pulmonalis,  especially  when  it  is  very  and  continuously 
low,  and  both  with  it  and  bronchitis  the  relationship  between  mean 
temperature  and  death-rate  is  inverse  all  the  year  round.  A  high 
mean  summer  temperature  increases  infantile  mortality.  But  in  all 
statistical  inquiries  into  the  influence  of  temperature  on  mortality,  in 
which  the  deaths  occurring  during  a  given  period  are  compared  with 
the  temperature  of  the  same  period,  it  should  never  be  forgotten  that 
cold  and  heat  do  not  necessarily  act  immediately,  but  that  the  diseases 
engendered  or  aggravated  by  them  must  run  their  course,  and  the 
deaths  arising  therefrom  may  be  registered  at  a  time  when  the  ther- 
mometric  scale  exhibits  a  very  different  mean  from  that  which  it  pre- 
sented when  the  disease  originated. 

Again,  the  prevailing  opinion  that  northerly  winds  act  injuriously 
on  health  is  confirmed  by  Dr.  Jackson's  tables,  for  a  high  death-rate 
attends  winds  blowing  from  a  point  between  N.W.  and  S.E.  (north 
about),  whilst  winds  blowing  from  a  point  between  S.E.  and  W. 
(south  about)  occur  more  frequently  during  months  in  which  the 
mortality  from  all  causes  is  low. 

Many  other  interesting  relations  are  suggested  by  the  tables  and 
diagrams  with  which  the  memoir  is  copiously  illustrated,  such  as  the 
relationship  between  the  barometric  pressure  and  the  death-rate,  and 
the  influence  of  drought  and  humidity  on  mortality.  But  for  an 
account  of  the  results  indicated  or  arrived  at  we  must  refer  our 
readers  to  the  original  memoir  itself. 

VOL.  I.  2  m 
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Since  the  year  1851,  when  Schonbein  oommnnicated  to  ihe 
Medico-Chinxrgical  Society  of  London  a  memoir,  in  which  he 
pointed  out  that  the  inhalation  of  ozonized  air  occasioned  a  painfol 
affection  of  the  chest, — a  sort  of  asthma, — accompanied  with  a 
violent  cough,  the  attention  of  the  medico-meteorologist  has  been 
directed  to  the  determination  of  the  proportion  of  ozone  in  the  atmo- 
sphere, and  its  relation,  if  any,  to  the  preyalent  diseases  of  the  time  or 
of  the  place.*  Both  in  this  country  and  in  Germany  careful  registers 
have  been  kept  of  the  variations  in  the  amount  of  atmospheric  ozone 
during  a  number  of  years.  But  we  cannot  as  yet  say  that  any  very 
trustworthy  results  have  been  arrived  at,  as  to  the  rehitions  between 
its  excess  and  deficiency,  and  the  diseases  which  may  have  been  most 
rife  during  the  same  period.  This  indefinite  condition  of  the 
question  may  perhaps  be  in  part  explained  by  the  somewhat  inexact 
nature  of  the  test  employed.  For,  although  the  ozone  papers  may  be 
sufficiently  delicate  to  indicate  absolute  deficiency  or  excess  of  atmo- 
spheric ozone,  yet  the  determination  of  minute  shades  of  difference 
will  vary  much  with  the  individual  observer,  with  his  power  of 
appreciating  the  exact  tint  produced  on  his  test  paper,  and  of  referring 
it  to  'the  corresponding  shade  on  his  reference  paper.  And  it  is, 
perhaps,  to  the  difficulties  which  exist  in  comparing  the  results  ob- 
tained by  observers  stationed  in  different  localities,  that  we  must^  in 
some  measure,  ascribe  the  very  different  statements  which  have  been 
made  of  its  action  on  the  ammal  frame.  For  whilst  one  set  of  ob- 
servers declares  that  there  is  a  remarkable  coincidence  between  an 
excess  in  the  amount  of  atmospheric  ozone  and  the  prevalence  of 
affections  of  the  respiratory  passages,']'  on  the  other  hand,  M.  de 
Fi^tra  Santa  t  states  that  at  Algiers,  where  bronchial  affections  are 
rare,  ozone  exists  abundantly  in  the  atmosphere. 

Again,  the  attempts  which  were  at  one  time  made  to  show  that 
diseases  {of  the  alimentary  canal,  and  even  cholera,  were  more  rife 
when  the  proportion  of  ozone  in  the  air  was  small,  have  not  been 
borne  out  by  subsequent  investigators. 

More  exact  results  of  the  power  of  ozone  when  in  excess,  to  act 
upon  the  hmuan  frame  may,  however,  be  obtained  by  direct  experi- 
ment, as  when  air  is  artificially  ozonized,  and  animal  r  are  compelled 
to  breathe  it  for  a  given  period.  This  line  of  inquiry  has  now  been 
followed  out  by  various  experimenters.     Schdnbein,§  Schwarzenbach,|| 

*  References  to  the  following  papers  on  the  subject  may  prove  useful  to  some 
of  our  readers: — 

Bpengler.    Influenza  und  Ozon.    Henle  u.  Pfs.  Zeitschrift,  vii.  1.    1848. 

Heidenreicb.    Ozon  und  Katarrh.    Neue  med.  ohir.    Ztg.  vii.  8. 

Clemens.  Wirkungen  Ozonzerbt :  Gase  auf  den  Mensch :  Organismus.  Henle. 
n.  Pfs.  ZeitBchrift,  vii.  2.    1848. 

Annales  d'Hygi^ne  publique.    Paris.    1863.    P.  439. 

t  This  side  of  the  question  has  been  very  recently  advocated  by  Dr.  Hjaltelin, 
of  Beikjavik,  in  an  able  paper  on  **  Epidemic  Pneumonia  in  Iceland/*  in  the  year 
1863,  published  in  the  *  Edinburgh  Medical  Journal/  May,  1864. 

X  '  L'Union  M6dicale/  30  Mai,  1861. 

§  Henle  und  Pfs.  Zeitschrift.    N.  F.  Bd.  1.    S.  384. 

li  Obnstatt's  Jahrb.    1851.    1,128. 
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Bockel,*  and  Desplate^f  haye  all  confined  animals  in  air,  ozonized 
either  by  means  of  phosphoras  or  by  passing  electric  sparks  throngb 
it.  In  every  case,  the  animals  died  with  symptoms  of  affection  of  the 
respiratory  organs,  though  Schwarzenbach  thinks  that  the  nervous 
system,  and  more  especially  the  nervm  vagus,  was  also  involved. 
During  the  past  year,  another  series  of  experiments  has  been  recorded 
by  Dr.  W.  Ireland,):  ^om  which  he  has  been  led  to  form  the  following 
conclusions : — 

1st.  Ozonized  air  accelerates  the  respiration,  and,  we  may  infer, 
the  circulation  also. 

2nd.  Ozonized  air  excites  the  nervous  system. 

3rd.  Ozonized  air  promotes  the  coagulability  of  the  blood,  pro- 
bably by  increasing  its  fibrine.  In  the  blood,  however,  ozone  loses 
its  peculiar  properties,  probably  entering  into  combination  with  some 
of  ^e  constituents  of  the  circulating  fluid. 

4th.  Animals  can  be  subjected  to  the  influence  of  a  considerable 
proportion  of  ozone  in  the  air  for  hours,  without  permanent  injury  ; 
but  in  the  end,  ozone  produces  effects  which  may  continue  after  its 
withdrawal,  and  destroy  life.  In  ozonizing  the  air  for  his  experiments, 
Dr.  Ireland  pursued  a  plan  differing  from  that  adopted  by  his  pre- 
decessors. He  introduced  sulphuric  add  and  permanganate  of  potash 
into  a  glass  bottle,  and  collected  the  ozonized  air,  produced  by  their 
action  on  each  other,  in  a  glass  jar  under  water.  This  method  seems 
to  present  decided  advantages  over  the  plan  commonly  pursued,  of 
burning  phosphorus  in  air.  For  in  this  latter  process,  not  only  are 
fames  of  phosphoric  acid  generated,  which  it  is  not  very  easy  to  get 
rid  of^  but  a  part  of  the  oxygen  of  the  air  is  consumed  in  the  com- 
bustion, and  its  proportion  to  the  nitrogen,  therefore,  necessarily 
diminished. 

Whilst  on  the  subject  of  ozone,  we  may  notice  some  recent  experi- 
ments by  A.  Schmidt,  §  which  seem  to  show  that  ozone,  or  a  substance 
capable  of  producing  it,  exists  in  the  blood.  Instead  of  employing 
iodide  of  potassium  as  the  reagent  for  the  ozone  determination,  ho 
used  strips  of  paper  soaked  in  a  tincture  of  guaiacum  (1  part  wood  to 
6  parts  alcohol),  and  when  the  alcohol  had  evaporated,  a  drop  of  blood 
was  added  to  the  paper.  A  blue  ring  appeared  in  the  course  of  a  few 
minutes,  where  the  layer  of  blood  was  the  thinnest.  The  depth  of 
colour  of  the  ring  varied  with  the  blood  employed :  with  that  of  the  ox 
and  horse  it  was  the  strongest ;  with  that  of  man,  without  the  addition 
of  water,  feeble;  and  with  birds'  blood,  not  at  all,  until  after  the 
addition  of  wateo-,  and  then  strongly.  Pure  colourless  serum  did  not 
act  at  all.  Schmidt  considers  the  hasmatin  of  the  blood-corpuscles 
to  be  the  ozone-producing  material.  He  also  noticed  the  oxidizing 
action  of  the  blood-corpuscles  on  a  solution  of  indigo.  Schmidt  con- 
cludes that  in  the  blood  a  quantity  of  oxygen  ready  to  become  ozone 

*  Threes  de  Strasbonrsr,  185(5. 

t  Tliesea  (le  Paris,  1857. 

X  *Ecli»iburj?h  Monthly  Medical  Journal,'  February,  18r)3. 

§  Ueber  Ozon  ini  Blote.     Uorpat.     18«2. 
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exists.  When  putrid,  the  blood  lost  its  power  of  affecting  reagents^ 
thongli  four  weeks  after  haying  been  drawn,  it  was  not  quite  inactiye. 
Before  closing  our  chronicle,  we  may  direct  attention  to  the  report 
by  Messrs.  Hewlett,  Stanley,  and  Beed,  on  the  ventilation  of  the  new 
barracks,  at  Graveeend,  contained  in  the  recently-issued  statistical 
sanitary  and  medical  reports  for  the  Army  Medical  Department.* 
The  observations  made  by  these  gentlemen  show  the  importance  of 
attending  to  the  organic  impunties  floating  in  the  atmosphere,  and 
they  bear  out  in  many  respects  the  conclusions  arrived  at  by  Pouchet 
and  others.  The  method  they  employed  was  to  draw  the  air,  by 
means  of  an  aspirator,  through  a  solution  of  permanganate  of  potash, 
of  known  strength.  The  liquid  became  discoloured  during  the 
experiment,  and  a  deposit  occurred.  This  deposit  was  examined 
microscopically  and  found  to  contain  fragments  of  epithelium,  pus- 
oells,  pieces  of  cotton  fibre,  shreds  of  wool,  and  large  numbers  of 
amorphous  bodies.  Dr.  Parkes,  in  his  remarks  on  these  and  other 
allied  observations,  points  out  that  they  put  in  a  clearer  light  than 
before  the  necessity  of  ventilation,  and  the  advantage  of  isolating 
patients,  from  whose  bodies  arise  such  quantities  of  organic  particles. 
They  would  also  seem  likely  to  put  on  an  experimental  basis  the 
doctrine  of  the  transference  of  morbific  agents  firom  one  person  to 
another.  The  volume  contains,  besides,  a  large  amount  of  very  in- 
structive matter,  not  only  as  regards  the  health  of  the  British  Army, 
but  on  sanitary  questions  geneiully. 


XI.  ZOOLOGY  AND  PHYSIOLOGY. 

(Including  Proceedings  of  the  Zoological  Society  of  London.) 

Thb  two  topics  which  have  received  the  greatest  attention  during 
the  past  quarter  are  the  discoveries  of  M.  Lartet,  respecting  the  co- 
existence of  man  and  the  reindeer  in  central  France,  and  the  theory 
of  Dr.  Hunt  as  to  the  Negro's  place  in  nature.  The  former  subject 
comes  perhaps  more  strictly  within  the  range  of  the  palaBontologist, 
still  it  will  not  be  out  of  place  here  to  mention,  that  seventeen  stations 
have  been  discovered  in  France  where  the  presence  of  the  reindeer 
has  been  ascertained  in  a  state  of  subjection  to  man ;  but  as  to  the 
epoch  when  the  reindeer  ceased  to  inhabit  what  is  now  temperate 
Burope,  there  is  no  positive  historical  or  chronological  accoimt.  Its 
remains  are  not  even  found  in  the  French  turbaries,  nor  in  the  Swiss 
lacustrine  pile-works;  but  remains  are  found  in  a  cave  of  Mont 
Saleve,  in  which  they  are  associated  with  simply  worked  flints ;  and 
in  the  grottoes  of  Perigord  are  found  flint  flakes,  and  utensils  and 
weapons  manufJEMitared  of  the  horns  and  bones  of  the  reindeer.f 

♦  London,  1863. 

t  A  very  interesting  aooount  of  these  remains,  accompanied  by  illustrations, 
will  be  found  in  the  letter  of  our  Paris  corre^ondent.  ("  Notes  and  Correspondence.'  *) 
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With  regard  to  Dr.  Hunt's  views  of  the  Negro's  place  in  nature,  his 
paper  proposed  to  show,  that  in  the  proportions  of  the  arm,  the  form 
of  the  hips,  thighs  and  fingers,  the  flatness  of  the  foot,  and  the  size  of 
the  molar  teeth,  there  appeared  a  nearer  approach  to  the  ape  than  was 
seen  in  the  European.  The  brain  was  comparatively  smaU,  the  facial 
angle  low,  and  all  development  of  the  brain  ceased  at  puberty,  while  the 
form  of  the  skull  became  more  ape-like  as  he  advanced  in  years.  The 
structure  of  the  brain  was  distinct  from  that  of  any  other  race  of  man ; 
and  it  had  yet  to  be  established  whether  the  offspring  of  the  European 
and  Negro  were  indefinitely  prolific.  There  was  not  a  single  instance 
of  a  pure  Negro  being  eminent  in  science,  literature,  or  art ;  and  Dr. 
Hunt  concluded  from  all  his  observations,  that  there  was  as  good 
reason  for  classifying  the  Negro  as  a  distinct  species  from  the 
European,  as  there  is  for  making  the  ass  a  distinct  species  from  the 
zebra, — that  the  analogies  are  far  more  numerous  between  the  Negro 
and  apes,  than  between  the  European  and  apes — that  the  Negro  is 
inferior,  intellectually,  to  the  European — that  the  Negro  is  more 
humanized  when  he  is  in  his  natural  subordination  to  the  European 
than  under  any  other  circumstances — ^that  the  Negro,  indeed,  can  only 
be  humanized  and  civilized  by  Europeans,  and  that  European  civiliza- 
tion is  not  suited  to  the  requirements  and  character  of  the  Negro. 

These  premises  evoked  a  considerable  amount  of  discussion  at  the 
time  the  address  was  delivered,  in  which,  although  some  were 
decidedly  opposed  to  the  whole  theory,  the  balance  of  opinion 
appeared  to  be  in  Dr.  Hunt's  favour.  Subsequently,  Professor 
Huxley,  in  his  Hunterian  lecture,  alluded  to  ^e  paper  for  the 
purpose  of  condemning  it,  which  called  forth  a  paper  war  in  the 
columns  of  the  'Beader,'  between  Dr.  Hunt,  Mr.  C.  Garter  Blake, 
and  Professor  Huxley.  This  discussion,  however,  which  promised  to 
be  a  very  acrimonious  one,  and  was  not  carried  on  with  the  most 
desirable  courtesy,  was  nipped  in  the  bud  by  the  reticence  of  the 
Professor,  who  having  had  his  word,  let  the  matter  drop,  and  returned 
no  response  to  the  replies  of  the  leaders  of  the  Anthropological 
Society. 

M.  Gratiolet  has  been  discoursing  upon  Man's  place  in  nature, 
and  his  remarks  are,  of  course,  worthy  of  great  attention.  Speak- 
ing of  the  brain  of  the  apes,  he  says :  '*  There  is  an  enormous 
posterior  comu  with  lateral  ventricles,  and  it  occupies  all  the  interior 
of  the  posterior  lobes  of  the  hemispheres.  This  fact  has  been  denied 
by  Professor  Owen,  but  his  error  is  obvious."  He  goes  on  to  observe 
that  the  encephalon  of  man  and  that  of  the  apes  present  a  typical 
resemblance,  and  this  resemblance  is  exclusive — ^man  resembles  the 
apes  and  the  apes  only.  All  the  differences  relate  to  secondary 
characteristics — ^the  volume,  complication,  and  reciprocal  proportions 
of  the  parts.  But  at  no  epoch  is  the  human  brain,  typically  so  like 
an  ape's  brain,  actually  an  ape's  brain.  One  can  make  of  material 
man  neither  a  kingdom,  a  division,  a  class,  an  order,  nor  a  family  of 
an  order.  He  is  apart  from  the  beings  which  most  resemble  him.  He 
also  compares  the  hand  of  the  ape  and  man.  In  the  former,  in  reality, 
the  hand  is  free  only  when  the  animal  is  at  rest,  and  this  liberty 
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reduces  itself  to  the  movements  of  brutish  prehension.  What  a 
difference  is  there  in  the  hand  of  man  I  From  a  simple  prehensile  organ 
it  becomes  a  measuring  instrument — from  a  hook  it  becomes  a  com- 
pass, and  the  compass  presupposes  the  geometrician.  With  regard  to 
the  disputed  question  of  the  Negro's  place  in  nature,  M.  Gratiolet 
exclaims — ^'Do  these  races  (t.  e.  the  Negroes  and  certain  other 
degraded  races)  form  a  passage  between  man  and  the  apes  ?  No — a 
thousand  times  No  !  Their  deformity  even  protests  against  such  an 
assertion.  Far  from  dwindling  down,  the  human  characteristics 
become  more  decided,  and  even  exaggerated  in  their  case.  The  lobe 
of  the  ear,  the  nostnls,  the  lips,  which  are  the  exclusive  character  of 
man,  are  developed  even  to  deformity.  Everything  in  the  Negro's 
degraded  face  protests  against  this  impious  assertion." 

The  Society  of  Arts  and  Sciences  of  Utrecht  has  propounded  some 
questions  for  which  it  is  proposed  to  give  prizes,  viz.  for  each  a  gold 
medal,  value  800  Dutch  florins.  The  following  relate  to  the  subjects 
under  consideration: — 1.  Observations  on  the  influence  exerted  by 
small  variations  of  exterior  circumstances  upon  the  evolution  of  the 
embryo  of  one  or  more  species  of  vertebrate  animals.  2.  Chemical 
and  physiological  observations  on  the  digestion  of  freshwater  fish. 
3.  Chemical  and  physiological  observations  on  the  digestion  of 
reptiles.  4.  It  has  long  been  known  that  flsh  have  the  f&cvlty  of 
producing  sounds ;  the  Society  requires  observations  on  the  manner 
in  which  the  sound  is  produced  in  one  or  more  species  where  the 
cause  has  not  yet  been  pointed  out.  5.  Observations  upon  the 
development  of  one  or  more  species  of  invertebrate  animals,  the 
history  of  which  is  not  yet  known,  accompanied  by  the  figures 
necessary  to  explain  the  text.  The  successful  essays  will  be  published 
in  the  memoirs  of  the  Society,  and  all  replies  must  be  sent  to  the 
Secretary,  Professor  O.  Van  Bees,  Utrecht,  before  the  30th  November 
next. 

In  a  paper  by  Dr.  W.  H.  Dickinson,  read  before  the  Boyal 
Society,  upon  the  Functions  of  the  Cerebellum,  he  infers  from 
numerous  experiments  upon  the  lower  animals,  that  the  cerebellum 
has  notiiing  to  do  with  cranium  sensations,  with  the  sexual  propensity, 
with  the  action  of  the  involuntary  muscles,  with  the  maintenance  of 
animal  heat,  or  with  secretion;  but  the  only  function  wlilch  his 
experiments  seemed  to  assign  to  it  was  such  as  concerns  voluntary 
muscles,  which  receive  from  it  a  regulated  supply  of  motor  influence. 
Each  lateral  half  affects  both  sides,  but  the  one  opposite  to  itself  the 
most.  The  anterior  limbs  are  chiefly  under  t3ie  influence  of  the 
cerebrum ;  the  posterior,  of  the  cerebellum.  Cerebellar  movements  are 
apt  to  become  habitual,  while  cerebral  are  impulsive.  In  the  human 
subject,  the  only  faculty  which  constantly  sidSers  in  consequence  of 
changes  in  the  cerebellum  is  the  power  of  voluntary  motion.  When 
congenitally  defective,  there  is  want  of  action  in  the  muscles  of  the 
lower  extremities.  The  occasional  occurrence  of  loss  of  visual  pow^er, 
and  alterations  of  the  sexual  propensity  in  diseases  of  the  cerebellum, 
are  referred  to  the  conveyance  of  irritation  to  the  corpora  quadrigemina 
in  the  one  case,  and  to  the  spinal  cord  in  the  other.     From  all 


1864.]  Zoology  and  Phydology.  518 

experiments  on  animala  and  on  man,  it  is  conclnded  that  the  cerebel- 
lum is  a  source  of  voluntary  power  to  the  muscles  supplied  bj  the 
spinal  nerves.  It  influences  the  lower  more  than  the  upper  limbs,  and 
produces  habitual  rather  than  impulsive  movements — and  it  has  a 
power,  which  has  been  described  as  that  of  co-ordinaiion — and  it  is 
suggested  that  the  outer  portion  of  the  organs  may  be  the  source  of 
its  voluntary  motive  power,  while  its  inner  layer  is  the  means  of 
regulating  its  distribution. 

Mr.  Kowley,  of  Brighton,  has  recently  added  to  his  collection  the 
only  egg  of  the  JEpyomis  maximus  which  ever  came  to  this  country, 
and  has  in  a  shilling  pamphlet,  published  by  Triibner  and  Go.  (and 
noticed  amongst  our  reviews),  made  some  interesting  observations,  not 
only  on  the  unique  zoological  specimen,  but  upon  the  bird  which 
laid  it. 

G.  0.  Sars,  son  of  the  celebrated  Norw^an  Professor,  has  been 
dredging  in  freshwater  lakes  in  Norway,  and  has  met  with  some  curious 
confirmations  of  former  observations,  that  true  inhabitants  of  the  sea 
can,  under  certain  circumstances,  gradually  accustom  themselves  to 
live  in  thoroughly  fresh  water.  The  conditions  of  change,  as  exhibited 
in  some  Swedish  lakes  to  Professor  Lov^n,  may  be  very  gradual, 
operating  throughout  thousands  of  years,  but,  in  the  present  instance, 
it  must  liave  been  much  shorter.  Sars  found  in  the  mud  at  the  bottom 
of  this  Like  a  small  red  crustacean,  in  which  he  at  once  recognized  a 
saltwater  species,  although  the  water  was  perfectly  fresh  and  pleasant 
to  the  taste.  In  the  case  of  this  lake,  apparently  some  very  high  flood, 
or  a  furious  storm  from  the  west,  has  dnven  the  sea  up  on  some  occar 
sion  into  the  loch,  which  lies  close  to  the  coast  Their  residence  in  a 
foreign  medium,  however,  appeared  to  have  changed  the  mode  of  life 
of  these  animals,  for,  instead  of  being  found  as  usual  in  the  shallowest 
pools,  they  were  here  in  the  deepest  part  of  the  water,  sunk  in  the  mud. 
Dredging  in  Mjosen  Lake,  which  flows  through  a  la^ge  river,  he  dis- 
covered a  crustacean,  Mysis  rdictay  of  Lov^n,  belonging  exclusively  to 
salt-water ;  one  of  those  extraordinaiy  relics  of  the  glacial  period,  whose 
presence  in  some  of  the  great  inland  lakes  of  Sweden  has  lately  excited 
so  much  interest.  Associated  with  it  were  nuifterous  examples  of  a 
Gammarus  ((7.  canceUoides)^  first  discovered  in  the  seas  of  Baikal  and 
Angora,  and  which  has  lately  also  been  found  in  Sweden,  and  which 
Loven  considers  originally  to  have  belonged  to  the  sea. 

These  observations  of  Lov^  and  Sars  may  tend  to  modify  mate- 
rially certain  geological  theories. 

A  valuable  and  interesting  paper  has  been  communicated  to  the 
Limuean  Society  by  Mr.  A.  E.  WaUace,  on  the  '  Phenomena  of  Varia- 
tion and  Greographical  Distribution  as  exhibited  by  the  Malayan 
PapilionidflB.'  The  large  butterflies  of  this  region  are  well  adapted 
for  this  purpose,  since  l£eir  gaily-painted  wings  register  the  minutest 
changes  of  organization,  and  exhibit  on  an  enlarged  scale  the  effects  of 
the  climatal  and  organic  conditions  which  have  influenced  more  or 
less  pitofoundly  the  organization  of  every  living  being.  The  variations 
occurring  among  the  120  species  inhabiting  the  Malayan  Archipelago 
are  classed  by  Mr.  Wallace  under  the  heads  of,  1st,  simple  variability ; 
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2nd,  dimorphism  or  polymorphism ;  Srd,  local  forms ;  4th,  ooezisting 
varieties ;  5th,  races  or  sub-species ;  and,  6th,  true  species.  The  first 
includes  all  great  instability  of  specific  form ;  the  second,  polymor- 
phism or  dimorphism,  differs  firom  the  first  in  iJiis — ^that  the  offispring 
differs  from  the  parents  in  a  considerable  degree,  and  in  a  manner 
more  or  less  constant  and  regular — so  that,  of  the  ofGspring  of  a  single 
pair,  some  will  resemble  their  parents,  while  others  will  differ  from 
them,  but  the  difference  will  be  tolerably  fixed  and  definite,  and  inter- 
mediate varieties  will  never  occur.  He  explained  how  such  a  state  of 
things  came  about  in  a  Philippine  island  butterfly,  PapUio  cdphenar. 
But  the  most  interesting  portion  of  his  observations  was  directed  to 
the  subject  of  variation  as  specially  influenced  by  locality,  for  example, 
the  fact  that  the  species  of  this  Indian  region  (Sumatra,  Java,  &cJ) 
are  almost  invariably  smaller  than  the  allied  species  of  Celebes  and 
the  Moluccas.  The  most  remarkable  of  these  cases  was  that  of  the 
island  of  Celebes,  almost  all  the  PapilionidsB,  Pieridse,  and  some  of  the 
Nymphalidad  of  which  had  acquired  a  peculiar  curve  of  the  upper 
wings,  amounting  in  some  instances  to  an  abrupt  bend.  If,  he  argues, 
the  butterflies  of  the  Celebes  acquired  their  longer  and  more  curved 
wings  owing  to  the  persecution  of  bird  or  insect  enemies,  from  which 
they  could  only  escape  by  increased  powers  of  flight,  it  is  evident  that 
those  which  had  alr^idy  some  other  means  of  protection  would  receive 
no  benefit  from  a  change  in  the  form  of  their  wings,  and  therefore 
could  not  acquire  it  by  the  action  of  natural  sdeclion.  This  also  ex- 
plains why  none  of  the  Danaidae  are  so  modified,  for  they  are  univer- 
sally the  objects  of  mimicry  by  other  groups,  and  are  therefore  already 
protected.  These  Danaidse  are  a  nuisance  to  the  collector  from  their 
abundance  and  ubiquity,  and  their  strong  and  peculiar  odour  is  be- 
lieved to  be  the  cause  of  their  safety,  and  they  are,  for  this  reason, 
habitually  passed  over  by  insectivorous  creatures.  Mr.  Wallace, 
therefore,  with  Mr.  Bates,  argues  that  mimicry  is  in  all  these  instances 
a  means  of  protection. 

In  a  discussion  which  recently  took  place  in  the  Entomological 
Society  with  reference  to  the  luminosity  of  fire-flies,  Mr.  Bates  re- 
marked that  the  Honduras  fire-fly  {Ftdgora  lantemaria)  was  pretty 
common  in  the  upper  Amazons,  but  he  had  never  found  it  luminous ; 
moreover,  although  the  creature  figured  in  their  fables,  and  was 
reputed  to  be  poisonous,  there  was  no  rumour  current  among  the 
natives  of  its  being  luminous. 

M.  Siebold  has  communicated  to  the  Helvetic  Society  of  Natural 
Sciences  a  curious  fact  of  parthenogenesis  of  bees.  A  hive  at  Con- 
stance furnished  for  four  years  a  considerable  number  of  hermaphro- 
dite bees,  which  immediately  after  their  hatching  are  expelled  from 
the  hive  by  the  workers.  None  of  these  individuals  resemble  one 
another  ;  sometimes  one  side  is  male  and  the  other  female,  or  the  an- 
terior parts  (head,  eyes,  antenneB,  &c.)  are  of  one  sex,  while  the  pos- 
terior belong  to  the  other;  while  sometimes  the  internal  ap{)aratu8 
belongs  to  one  sex  and  the  external  to  the  other.  Some  individuals 
are,  in  the  interior,  males  on  the  right  side  and  females  on  the  left, 
while  the  reverse  is  the  case   on  the  exterior.      The  eggs  from 
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which  these  hermaphrodites  issue,  are  laid  in  the  workers'  cells,  and 
ought,  therefore,  to  become  workers,  but  the  queen-bee,  haTing  pro- 
bably some  defect  in  organization,  a  part  of  these  eggs  are  only  incom- 
pletely fecundated,  so  that  the  development  of  the  female  organs 
remains  in  a  more  or  less  rudimentary  condition. 

The  cultivation  of  silkworms  is  so  important  a  branch  of  industry 
in  some  portions  of  the  globe,  that  any  information  respecting  their 
diseases  and  modes  of  cure  becomes  highly  valuable.  Captain  Button, 
F.6.S.,  of  Mussooree,  N.W.  India,  attributed  the  enormous  loss  of 
worms  by  *'  muscardine  "  and  other  diseases  to  the  combined  effects  of 
bad  and  scanty  food,  want  of  sufficient  light  and  ventilation,  too  high 
a  temperature,  and  the  constant  interbreeding  for  centuries  of  a  debili- 
tated stock.  He  regards,  after  long  experience,  the  occasional  occur- 
rence in  a  brood  of  one  or  more  dark  grey  or  blackish  brindled  worms, 
— the  vers  tigrSs,  or  vers  z&yrh — as  an  attempted  return,  on  the  part 
of  nature,  to  the  original  colours  and  characteristics  of  the  species ;  in 
fact,  the  dark  worms,  hitherto  rejected  by  the  sericulturist,  were  the 
original  and  natural  worms,  and  the  whiteness  or  pale  sickly  hue  of 
the  majority  was  a  positive  indication  of  degeneracy  and  the  destruc- 
tion of  the  original  constitution.  He  recommends  the  sericulturist  to 
separate  his  dark  worms  from  the  general  stock,  and  to  set  them  apart 
for  breeding  purposes,  thus  annually  weeding  out  all  the  pale-coloured 
worms. 

M.  Onesti  has  found  that  wood-soot,  if  sprinkled  over  silkworms 
attacked  with  fSbrine,  effects  an  almost  certain  cure,  or,  at  all  events, 
prolongs  their  lives  until  the  cocoons  are  finished.  The  French 
Minister  of  Agriculture  has  addressed  a  circular  to  the  jprSfets  of  the 
sericultural  departments  of  France,  and  has  requested  that  a  com- 
mission be  formed  to  report  on  the  value  of  M.  Onesti's  discoveiy. 

Professor  N.  Wagner  has  discovered  a  fact  in  natural  history, 
which  at  first  sight  appears  incredible ;  but  it  is  supported  by  prepa- 
rations, an  inspection  of  which  has  convinced  Professor  de  Filippi  of 
the  truth  of  the  observations.  Professor  Wagner  found  in  June  1861, 
under  the  bark  of  a  dead  elm,  some  whitish  apodal  worms,  which 
proved  to  be  the  larvsd  of  insects.  Each  larva  was  filled  with  smaller 
larvae,  at  first  supposed  to  be  parasitic ;  but  the  smaller  larvaa  were 
found  upon  closer  examination  to  be  identical,  even  to  the  smallest 
details,  with  the  enveloping  larvae,  by  which  identity  Professor  Wagner 
was  led  to  assume  that  the  included  larvae  represented  a  second  gene- 
ration produced  by  the  enveloping  larva.  This  would  be  a  case  of 
alternation  of  generations,  even  more  surprising  than  that  of  the 
aphides;  and  this  interpretation  has  several  circumstances  in  its 
favour,  viz.  the  identical  character  of  the  inclosed  and  enclosing 
larvae — their  simultaneous  development — the  presence  of  enclosed 
larvae  not  in  some  but  in  all  the  larvae — and,  lastly,  that  in  the  inte- 
rior of  the  larvae  of  the  second  generation,  a  third  generation  is  pro- 
duced precisely  similar  to  the  first  two.  Professor  Wagner  has 
observed  three  other  species  of  the  same  genus,  all  presenting  this  sin- 
gular mode  of  reproduction.  The  perfect  insects  are  still  unlmown,  but 
from  the  appearance  of  the  larvse,  they  soem  to  be  of  the  order  diptera. 
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We  read  in  '  Cosmos '  a  letter  from  M.  Duchesne  Thonrean  relating 
to  a  pattern  taken  from  a  large  tapis,  entirely  due  to  the  work  of  a 
group  of  spiders  in  a  state  of  captivity.  He  expresses  his  belief  that 
it  is  quite  possible  to  produce  by  the  aid  of  such  auxiliaries,  and  with- 
out expense,  soft  and  warm  carpets,  to  arrive  at  which  results  it  would 
only  be  necessary  to  dispose  of  a  number  of  working  spiders,  and 
over  a  space  proportionate  to  the  magnitude  of  the  work  desired. 

From  the  works  of  Oersted,  Grube  J.  Miiller,  &c.,  it  appears  that 
the  genus  AfUolytus  presents  the  peculiarity  so  rare  among  Aurelids  of 
a  striking  polymorphism,  the  males  being  so  different  from  the  femalee, 
th^t  the  two  sexes  have  been  described  as  belonging  to  distinct 
genera.  There  exists  also  in  each  species  a  third  form,  namely,  the 
asexual  form,  which  produces  the  sexual  individuals,  by  gemmation 
at  its  posterior  extremity,  the  alternation  of  generations  in  these 
worms  being  thus  well  established.  M.  A.  Agassiz  has  found  in  the 
harbour  of  Boston,  the  AutolyiiLs  of  which  the  males  were  described  by 
Oersted  in  1843,  from  Greenland,  under  the  name  of  Polyhosbri<:hus 
setosus.  He  has,  likewise,  observed  in  the  same  locality,  another 
species,  to  which  he  has  given  the  name  of  Autolytus  comtdus,  a  species 
which  appears  to  be  nearly  related  to  the  European  species,  A, 
Heligolandice.  The  differences  between  the  individuals  of  the  two 
sexes  are  of  the  same  nature  as  in  the  European  species.  The  females, 
at  the  moment  of  their  detachment  from  the  organic  individuals, 
possess  no  ovigerous  sac,  but  it  is  soon  formed,  and  the  ova  deposited 
in  its  interior.  The  embryos  are  rapidly  developed,  and  their  escape 
from  the  sac  appears  to  cause  the  death  of  the  female,  for  M.  Agassiz 
has  never  met  with  females  after  their  embryos  have  escaped.  The 
embryos  at  the  moment  of  issuing  from  the  sac  have  a  triangular  out- 
line, their  body  diminishing  rapidly  towards  the  posterior  extemity. 

The  frequency  with  which  the  minute  parasitic  worm,  Tridiina 
spiralis,  has  been  found  of  late  in  the  muscles  and  intestines  of  the  pig, 
and  the  fatal  and  serious  results  which  have  attended  the  consumption 
of  flesh  so  contaminated,  has  spread  a  panic  throughout  Germany,  and 
a  committee  has  been  appointed  by  the  Berlin  Medical  Society,  con- 
sisting of  Yirchow,  Bemak,  Gurlt,  and  others,  to  examine  into  and  report 
upon  the  subject.  Thus  far  the  disease  has  not  been  met  with  in  any 
animal  that  is  a  vegetable  feeder;  but  Dr.  Langenbeck  says,  that 
trichincB  have  been  found  in  extraordinary  numbers  in  earthworms 
last  year — as  many  as  500  or  600  having  been  observed  in  a  worm  of 
middling  size — and  these  worms  form  part  of  the  food  of  those  animals 
which  swine  devour  when  left  at  liberty.  He  advises  that  the  swine 
should  be  always  fed  in  styes,  and  debarred  access  to  localities  where 
worms  are  numerous. 

It  is  seldom  that  a  natural  object  proves  so  complete  a  puzzle  to 
the  initiated  as  one  which  has  recently  been  brought  to  light.  It  is  an 
elongated  semicylindrical  body,  whitish,  and  rough  like  shagreen, 
lengtii  about  two  feet.  It  was  purchased  by  the  Bev.  H.  H.  Higgins 
of  a  dealer  in  London,  for  the  Liverpool  Museum,  where,  struck  by 
its  remarkable  and  anomalous  character,  he  showed  it  to  Dr.  Gray, 
who  took  it  to  London.     It  has  been  examined  by  Milne-Edwards,  and 
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other  savants,  but  no  one  appears  able  to  identify  it.  The  impression 
is,  that  it  is  echinodermatous  in  its  nature,  and  it  has  been  provisionally 
named  by  Dr.  Gray  Myriosteon  Higginsii.  This  remarkable  object  has 
been  transferred  to  the  National  collection  in  the  British  Museum. 


The  Zoological  Sooiett  of  London. 

Little  of  general  interest  has  transpired  at  the  meetings  of  this 
Society  during  the  past  quarter,  the  most  important  communications 
being  those  of  the  Secretary,  Dr.  Sdater,  either  j&om  persons  residing 
abroad,  or  his  own  observations  upon  recent  arrivals,  and  upon  the 
animals  in  the  Society's  gardens.  Perhaps,  the  most  interesting  com- 
munications were  those  relating  to  the  collection  of  animals  made  by 
Captain  Speke,  during  his  expedition  to  Eastern  Africa. 

Dr.  Sclater  described  the  mammals  and  birds ;  Dr.  Gunther,  the 
reptiles  and  fishes ;  Dr.  Dohm,  the  mollusca ;  and  Mr.  F.  Smith,  the 
insects  collected  by  the  great  African  traveller.  Thirty-eight  species 
of  mammals  were  enumerated,  amongst  which  the  most  remarkable  was 
a  new  antelope  of  the  genus  Tragelaphus,  which  it  is  proposed  to  call 
T,  SpeUi ;  and  sixty-one  birds,  including  five  new  species. 

This  was  at  the  meeting  on  the  8th  of  March.  Mr.  F.  Buckland 
also  read  an  interesting  communication  upon  the  habits  of  the  spawning 
trout.  He  had  learned  easily  to  distinguish  between  the  male  and 
female  at  a  glance  as  they  swam  ;  the  male  is  always  long  in  body,  and 
generally  has  a  hook-like  projection  from  the  lower  jaw,  the  colomr  of 
the  abdomen  always  chocolate,  and  a  white  line  running  along  the 
pectoral  fin,  and  usually  on  the  ventral  also.  The  female  is  shorter 
and  rounder,  and  more  wild  and  timid.  He  had  succeeded  in  hybridiz- 
ing the  salmon  and  trout,  and  hoped  in  time  to  naturalize  in  the 
ThameB  a  fish  two  parts  trout  and  one  part  salmon,  which  should  so 
combine  the  habits  and  excellencies  of  the  two,  that  the  non-migratory 
instinct  should  predominate  over  the  migratory,  and  the  fish  thus  be 
induced  to  remain  up  river. 

On  the  22nd  March  the  Secretaiy  drew  attention  to  some  recent 
additions  to  the  menagerie,  the  most  remarkable  of  which  were  a 
young  American  monkey  (Pithecia  Satanas),  and  four  examples  of 
the  Buf ous-tailed  pheasant  (Euplocamus  erythrophthalmus),  the  latter 
having  been  presented  to  the  Society  by  their  corresponding  member, 
the  Baboo  Bajendra  MuUick,  of  Calcutta. 

These  birds  formed  part  of  a  collection  brought  over  by  Mr.  J. 
Thompson,  the  Society's  head-keeper  at  Calcutta,  and  presented  by 
the  native  gentleman  just  named.  Mr.  Thompson  had  so  ably 
managed  the  transport  from  Calcutta,  as  only  to  have  lost  a  single 
bird  on  the  passage. 

Amongst  other  arrivals  announced  by  Dr.  Sclater  (April  12th)  was 
a  living  example  of  the  tooth-billed  pigeon  (Didunculus  strigirostris), 
presented  to  the  Society  by  Dr.  Greorge  Biennett,  of  Sydney,  along 
with  some  other  rare  Australian  birds.  At  the  subsequent  meeting, 
April  26th,  Dr.  Sclater  announced  that  Mr.  Latimer,  the  Austrian 
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Consul  at  Porto  Rico,  had  offered,  throngli  Lieiit.-Golonel  CaTan,  to 
obtain  for  the  Society  some  living  Manatees  (Dugongs),  and  that 
arrangements  were  being  made  for  the  transport  of  the  animals  to 
this  country. 

Amongst  the  papers  descriptive  of  new  collections,  read  by  the 
Secretary  (the  specimens  being,  in  some  cases,  exhibited),  was  one  of 
birds  collected  by  Rev.  H.  B.  Tristram,  now  in*  Palestine.  Amongst 
these  were  two  new  species,  which  Mr.  Tristram  proposed  to  call 
Passer  Moabiiicus,  and  Caprimulgus  Tamarioca.  Also  a  paper  refer- 
ring to  a  collection  made  by  Mr.  G.  H.  White,  in  the  vicinity  of 
Mexico,  amongst  which  were  several  additions  to  the  avi-fanna  of 
that  country,  and  other  papers  describing  single  examples  of  special 
interest  to  zoologists. 

At  the  meeting  on  the  22nd  of  March,  Dr.  Giinther  read  the 
first  part  of  an  account  of  a  large  collection  of  fishes  made  by  Capt. 
Dow,  and  Messrs.  Salvin  and  Gorman,  at  Panama,  among  which  were 
many  new  and  interesting  species.  He  pointed  out  the  structure,  and 
mode  of  operation  of  a  poison  apparatus  in  a  new  species  of  fish  of 
the  genus  Thalassophryne,  belonging  to  the  family  JBatrachidm,  which 
it  was  proposed  to  call  T.  reticulata.  The  poison  organs  consist  of 
four  hollow  spines,  two  of  them  being  dorsal,  and  the  others  formed 
by  the  acute  termination  of  the  operculum  posteriorly.  The  canal  in 
the  interior  of  the  spines  terminates  in  each  case  in  a  sac,  in  which 
the  poisonous  fluid  is  collected.  In  the  specimens  examined  by  Dr. 
Giinther,  which  had  been  preserved  in  spirits  for  nine  months,  the 
slightest  pressure  of  the  sac,  situated  on  the  operculum,  caused  a 
whitish  fluid  contained  in  it  to  flow  freely  from  the  hollow  extremity 
of  the  opercular  spine. 

In  the  account  of  this  apparatus,  which  appeared  in  the  last 
number  of  the  '  Natural  History  Review,*  it  was  stated  that, ,"  aljkhough 
many  fishes  have  long  had  the  reputation  of  being  considered  poisonous, 
no  trace  of  any  poisonous  organ  has  been  detected  in  them."  This  is 
an  error.  In  the  Proceedings  of  the  Liverpool  Literary  and  Philoso- 
phical Society,  No.  V.  p.  156,  is  an  excellent  account  of  the  anatomy 
of  the  stinging  organs  of  the  sting-fish,  or  Lesser  Weever  (Trachinus 
vipera),  by  Mr.  I.  Byerley,  F.L.S.,  Seacombe,  Birkenhead,  accom- 
panied by  illustrative  plates.  In  this  paper  the  existence  of  poison 
glands  in  connection  with  the  dorsal  spines  is  demonstrated,  and  the 
character  of  these  organs  in  our  well-known  British  fish  appears  to 
be  very  similar  to  that  described  by  Dr.  Giinther,  in  the  Thalassophryne 
from  Panama. 

One  or  two  communications  of  interest  have  been  made  by  Dr.  J. 
E.  Gray,  F.R.S.  On  the  24th  May,  that  gentleman  described  the 
cetaceous  animals  which  have  been  observed  in  the  seas  surrounding 
the  British  isles,  of  which  he  enumerated  twenty-eight  species  as 
having  occurred  on  the  coast  of  this  country.  At  the  same  meeting 
he  read  a  note  upon  Urocyclus,  a  new  genus  of  terrestrial  gasteropo- 
dous  moUusks,  discovered  by  Dr.  Kirk  (of  Dr.  Livingstone's  expedi- 
tion), in  the  Zambesi  river.  On  March  8th,  Dr.  Gray  described  a 
new  species  of  tortoise,  discovered  by  Mr.  Osbert  Salvin,  in  Guatemala, 
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to  be  named  Slaurotypus  Salvinii.  He  also  read  a  paper  npon  the 
GlielydidsB,  as  distinguished  by  their  skulls  ;  and  gave  a  synopsis  of 
the  sand-moles  of  Africa,  including  a  description  ii  two  new  species 
discovered  by  Captain  Speke. 

Amongst  the  notes  read  at  the  various  meetings  were  the  follow- 
ing : — ^by  Mr.  Flower,  of  the  Boyal  College  of  Surgeons,  on  a  lesser 
Fin  Whale  (Balasna  rostrata),  stranded  upon  the  coast  of  Norfolk ; 
by  Dr.  E.  Crisp,  on  the  Anatomy  of  the  Eland  ;  by  Dr.  Greo.  Bennett, 
on  the  habits  of  the  tooth-billed  Pigeon  (Didunculus  strigirostris) ; 
and  by  Mr.  J.  E.  Lord,  upon  the  use  of  a  shell  of  the  genus  Dentalium^ 
as  a  currency  medium  by  the  natives  of  Vancouver's  Island,  British 
Columbia. 


XII.  CHRONICLE  OF  RECENT  SCIENTIFIC  PROGRESS 

IN  AMERICA. 

By  Henbt    Dbapsb,  M.D.,  Professor  of  Natm*al   Science  in   the 

University  of  New  York. 

SiNOB  the  breaking  out  of  the  civil  war  in  the  United  States  in  1861, 
a  strong  military  tendency  has  been  communicated  to  scientific  pur- 
suits. This  is  well  seen  in  the  records  of  the  Patent  Office  at  Wash- 
ington, where,  during  the  past  three  years,  not  less  than  1,140 
improvements  in  cannon,  projectiles,  cartridges,  &c.,  have  been 
patented.  A  considerable  number  of  these  refer  to  attempts  at 
producing  breech-loading  weapons  of  large  calibre.  The  application 
of  this  principle  has  thus  fiEkr  been  unsuccessful,  and  probably  will 
continhe  to  be  so,  on  account  of  the  difficulty  of  securing  strength 
without  unwieldiness.  In  smaller  cannon  it  has  been  partially  suc- 
cessful, while  in  fire-arms  it  has  done  so  well  as  to  give  rise  to 
serious  discussion  concerning  the  propriety  of  abandoning  muzzle- 
loaders  altogether. 

The  most  effective  artillery  that  the  war  has  produced  has  been 
the  Parrot  rifle,  and  the  Rodman  hollow-cast  15  and  20  inch  guns. 
The  former  consists  of  a  cast-iron  barrel,  strengthened  at  the  breech 
by  a  reinforce  of  wrought  iron.  The  durability  of  these  weapons  is 
so  great,  that  a  30-pounder  used  against  Charleston  was  fired  4,615 
times  before  bursting.  The  range  was  five  miles.  The  largest  size 
as  yet  furnished  for  active  service  is  a  300-pounder;  many  200- 
pounders  have  been  made. 

For  heavy  battering  purposes  and  the  destruction  of  iron-plated 
vessels,  the  Government  has  encouraged  the  construction  of  smooth- 
bore cannon  of  great  calibre ;  one  of  the  forts  in  New  York  harbour 
having  a  battery  of  15-inch  guns,  carrying  440-pound  balls.  The 
efficacy  of  these  was  tested  in  the  battle  between  the  *  Atlanta '  and 
'  Weehawken,*  in  which  the  latter  virtually  decided  the  contest  by  the 
first  discharge  of  her  15-inch  gun  prostrating  40  men. 
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A  20-inch  gnn  too  has  been  recently  saccessfully  cast  at  Pitts- 
burg on  Rodman's  principle.  In  order  to  make  this  monster  piece  of 
ordnance,  which  wtll  throw  a  solid  shot  of  1,000  pounds,  104  tons  of 
metal  were  melted,  though  the  gun  will  only  weigh,  when  finished, 
56  tons.  The  essential  feature  of  this  system  of  casting  is  to  cool  the 
iron  mass  from  the  interior  by  means  of  a  stream  of  water,  which  is 
sent  to  the  bottom  of  the  bore  in  a  properly  protected  pipe,  while  the 
exterior  is  kept  hot  by  a  fire  round  it.  In  this  instance  air  was  sub- 
stituted for  the  water  after  a  certain  length  of  time,  as  the  water  was 
found  to  lower  the  temperature  of  the  metal  too  quickly.  The  run- 
ning of  the  iron  occupied  only  21^  minutes,  and  the  gun  was  ready 
for  the  lathe  in  a  fortnight.  These  hollow-cast  guns  are  also  yery 
durable,  the  15-inch  at  Fortress  Monroe  having  been  already  fired 
505  times. 

The  use  of  gun-cotton,  which  is  attracting  so  much  notice  on 
account  of  the  Austrian  experiments,  has  not  met  with  favour.  Up  to 
the  present,  it  has  only  been  the  solution  in  ether  and  alcohol  that 
has  been  rendered  available.  By  the  aid  of  a  coating  of  collodion,  a 
cartridge  of  compressed  gunpowder  is  made  perfectly  waterproof,  and 
yet  may  be  infisjned  by  a  percussion  cap  without  being  torn  open  by 
the  soldier.  The  advantage  in  rapidity  of  loading  and  freedom  from 
dampness  is  very  obvious. 

Much  attention  too  has  been  directed  to  defensive  as  well  as 
offensive  warfare.  Iron-plated  vessels  in  large  numbers  have  been 
built,  the  Government  having  a  fleet  of  75  on  hand,  or  to  be  soon 
completed.  The  favourite  style  of  protection  has  been  with  many 
layers  of  plates  bolted  or  riveted  together,  and,  where  possible, 
backed  wi^  two  or  three  feet  of  oak.  A  few  vessels  with  solid  plates 
of  4^  inches  thickness  have  been  constructed ;  but  since  it  has  been 
found  that  the  21-inch  gun  with  cast-iron  round  shot  would  penetrate 
such  armour,  they  are  no  longer  regarded  as  perfectly  protected.  The 
'  New  Ironsides,'  a  ship  of  this  kind,  has,  however,  done  well,  not  less 
than  ten  10-inch  shot  having  struck  her  near  the  water  line,  without 
doing  any  serious  damage.  She  has  been  hit  213  times  without  losing 
a  man. 

When  a  person  enters  a  Monitor  turret,  he  cannot  fail  to  feel  a 
sensation  of  absolute  protection,  surrounded  as  he  is  on  all  sides  by  11 
inches  of  iron.  The  only  loss  of  life  in  these  structures  has  been 
from  boltheads  flying  off ;  ■  but  now  that  the  use  of  through  bolts  has 
been  dispensed  with,  this  cause  of  insecurity  no  longer  exists.  In  the 
iron-clad  cruiser  '  Dictator,* — 320  feet  long,  50  feet  beam,  and  20  feet 
depth  of  hold — which  is  at  present  making  ready  for  a  trip  to  Europe, 
the  turret  has  been  increased  to  15  inches,  and  the  side  plating  to 
1 1  inches,  with  three  feet  of  oak.  She  is  expected  to  be  quite  &Bt, 
having  two  100-inch  cylinders  of  4  feet  stroke.  The  armament  is 
only  two  guns,  but  they  are  of  built-up  wrought  iron,  and  of  13  inches 
calibre.  The  maker,  Mr.  Ericsson,  is  to  receive  1,000/.  for  every 
pound  of  powder  over  50  pounds  that  they  will  bum.  The  risk  of 
encountering  a  sea  voyage  has  already  been  undertaken  by  Mr.  Webb, 
who  has  just  sent  the  '  Re  d'ltalia,'  iron-clad  44,  to  Naples.  She  made 
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1862,  10,887,000  gallons.     The  total  production  in  1863  is  estimated 
at  80,000,000  gallons. 

The  greater  proportion  is  obtained  from  Oil  Creek  Valley  in  Penn- 
sylvania. Many  of  the  borings  are  500  feet  deep,  though  some  much 
less  deep  have  yielded  largely.  These  latter,  however,  required 
pumps,  while  the  former,  called  '*  flowing  wells,"  eject  their  contents  in 
some  cases  to  a  height  of  100  feet  above  the  ground.  The  petroleum 
is  discharged  by  pipes  into  vats,  where  the  salt  water  with  which  it  is 
associated  separates.  In  this  state  it  is  worth  about  fourpence  a 
gallon,  though  there  have  been  occasions,  when  the  market  was  glutted, 
in  which  it  has  sold  for  not  more  than  two  shillings  a  barrel  of  40 
gallons.  The  owners  of  the  wells  are  now  able  to  control  the  dis- 
charge by  stopcocks  fixed  on  the  pipes  that  line  the  borings,  and 
when  the  price  is  low,  limit  the  supply. 

Crude  petroleum  has  to  be  submitted  to  distillation  in  order  to 
separate  the  benzine,  which  boils  at  140°  F.  from  the  heavier  oils,  and 
these,  in  their  turn,  ^om  the  solid  hydrocarbons.  The  proportion  of 
these  ingredients  varies  so  greatly  (some  wells  producing  so  large  a 
percentage  of  the  heavy  oils),  that  the  product  is  only  suitable  for 
greasing  machinery.  Unfortunately,  it  "  gums,"  as  mechanics  say,  and 
imless  tallow  or  animal  oils  are  added  to  it,  it  cannot  replace  sperm 
oil. 

The  exact  source  of  petroleum  is,  up  to  the  present,  tmcertain, 
whether  it  has  all  been  produced  by  distillation  from  bituminous 
coal,  anthracite  being  formed  at  the  same  time,  or  whether  it  has 
resulted  directly  from  the  bituminous  fermentation  of  marine  plants 
antedating  the  coal  and  containing  a  larger  proportion  .of  hydrogen. 

The  amount  thrown  out  by  some  of  the  wells  is  enormous.  One 
of  them  ejected  3,740  barrels  a  day,  three  1,000  barrels,  one  800 
barrels.  To  "strike  ile,"  has  become  throughout  that  region  the 
synonym  for  rapidly  growing  wealthy.  Transportation  to  market  is 
effected  by  carrying  it  down  the  stream  in  vessels,  many  of  which  are 
merely  tanks.  Occasionally,  when  collisions  occur,  thousands  of 
gallons  are  lost,  floating  away  on  the  sur&Kse  of  the  water.  It  is  pro- 
posed to  collect  the  fluid  again  by  means  of  floating  dams,  shaped  like 
a  y,  with  the  point  up  stream. 

The  effect  that  this  illuminating  agent  has  produced  throughout 
the  country  is  very  striking.  It  has  entirely  displaced  all  other  means 
of  lighting,  except  gas,  and  is  used  even  in  cities  by  many  who  desire 
an  absolutely  steady  light.  The  great  desideratum  is,  a  perfect  chim- 
neyless  burner.  The  petroleum  requires  a  large  amount  of  air  for 
complete  combustion  of  its  carbon,  and  by  no  other  means  than  a  tube 
6  or  8  inches  long  has  the  supply  been  rendered  sufficient.  Although 
by  the  substitution  of  mica  for  glass  the  difficulty  of  breakage  has  to  a 
certain  extent  been  overcome,  there  is  still  great  room  for  improve- 
ment. 

Kerosene,  as  the  oil  suited  for  burning  is  called,  has  in  one  sense 
increased  the  length  of  life  among  the  agricultural  population.  Those 
who,  on  account  of  the  deamess  and  inefficiency  of  whale  oil,  were 
accustomed  to  go  to  bed  soon  after  sunset,  and  spend  almost  half  their 
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time  in  sleep,  now  occupy  a  portion  of  the  night  in  reading  or  other 
amnsements ;  and  this  is  more  particularly  true  of  the  winter  season. 

Benzine  has  come  largely  into  ufle  to  supply  the  place  of  turpen- 
tine, especially  for  painting.  It  seems  to  be  a  good  substitute  for 
that  now  almost  unpurchasable  commodity,  though  painters  have 
been  forced  to  change  their  processes  of  mixing. 

Professor  Wolcott  Gibbs  has  recently  investigated  the  relations  of 
hyposulphite  of  soda  to  certain  metallic  oxides.  He  finds  that  it  can 
be  used  instead  of  sulphydric  acid  in  precipitating  nickel,  cobalt,  iron, 
alumina,  zinc,  and  manganese  from  their  solutions,  if  the  mixture  be 
raised  to  120°  G.  In  the  old  process  as  suggested  by  Himly,  the 
temperature  employed  was  not  greater  than  the  boiling  point  at  the 
ordinary  pressure  of  the  air,  and  the  reduction,  though  occupying 
several  hours,  was  often  incomplete.  Gibbs  uses  a  combustion  tube 
hermetically  sealed,  heating  it  in  an  air  bath  for  about  an  hour. 

Mr.  M.  Carey  Lea  has  examined  the  infiuence  of  ozone  and  some 
other  chemical  agents  on  germination  and  vegetation.  He  finds  that 
ozone  tends  to  check  the  growth  of  young  plants  ;  wheat  in  air  grow- 
ing 10  inches,  while  that  exposed  to  ozone  grew  4  inches.  Ozonized 
air  also  diminishes  the  length  of  the  roots,  those  exposed  to  it  only 
becoming  -^^th  of  an  inch  long,  while  the  others  increafied  to  2^  inches. 
He  concludes,  that  though  ozone  is  a  highly  oxidizing  agent,  it  may 
in  some  cases  put  a  stop  to  putrefaction,  by  destroying  the  low  order 
of  vegetable  organisms,  which  Pasteur  has  shown  to  be  to  a  large 
extent  the  medium  of  effecting  such  changes.  Mr.  Lea  has  also  noticed 
that  oxalic  and  picric  acids,  even  in  very  weak  solutions,  entirely  pre- 
vent germination.  The  seeds  were  placed  in  all  these  experiments  on 
gauze,  resting  on  the  surface  of  water. 

Some  facts  regarding  the  great  mass  of  copper  found  in  the  Minne- 
sota mine,  120  feet  below  the  sur&ce,  have  been  lately  published.  It 
was  45  feet  in  length,  22  feet  at  the  greatest  width,  and  8  feet  at  the 
thickest  part.  It  weighed  420  tons,  and  contained  90  per  cent,  of  copper. 
Mr.  James  D.  Dana  has  continued  the  publication  of  his  memoir 
on  the  classification  of  animals,  based  on  the  principle  of  cephalization. 
It  is  also  being  printed  in  England. 

Professor  J.  D.  Whitney  is  steadily  progressing  with  the  geological 
survey  of  Oalifomia.  The  maps  are  mostly  on  a  scale  of  ^  inch  to  the 
mile.  He  has  discovered  that  Mount  Shasta,  14,440  feet  high,  pro- 
bably overtops  all  other  peaks  in  the  United  States ;  Popocatapetl, 
17,783  feet  high,  the  loftiest  mountain  in  North  America. 

Professor  Charles  A.  Joy  has  given  the  analysis  of  a  meteorite 
found  in  Chili,  weighing  1,784  grammes ;  it  contained — 

Nickel  iron        (with  Co,  Mn,  and  Cu)  48-689 

Sulphide  of  iron  Fe  S  7-405 

Chrome  iron  Ctj,  O3     Fe  O  0-701 

Schreibersite     (Fe  1-38  Ni  0-67  P  0-116)        1-563 
OHvine  BO^    Si  O3  11-677 

Labradorite   (B,  O,  Si  Os  +  4  K  O  Si  O,)     29-862 
Tin  stone  Sn  O,  0-189 

100-076 

VOL.  I.  2  N 
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Mr.  T.  Sterry  Hunt,  of  the  Geological  Survey  of  Canada,  has, 
under  the  title  '  Contributions  to  Lithology,'  given  an  exposition  of 
the  theoretical  considerations  which  he  thinks  should  serve  as  a  basis 
to  lithological  studies.  He  has  also  pointed  out  desirable  reforms  in 
the  classification  and  nomenclature  of  crystalline  rocks. 

Dr.  John  Dean  has  published  in  the  Smithsonian  Contributions  to 
Knowledge  a  beautifully  illustrated  memoir  on  *  The  Gray  Substance 
of  the  Medulla  Oblongata  and  Trapezium.'  The  object  has  been  to 
give  the  topography  of  those  parts,  with  illustrations  from  a  series  of 
photographs  made  by  himself.  The  photographs  are  of  two  kinds,  on 
albumen  paper  and  photo-lithographs.  The  former  are  only  furnished 
for  private  distribution,  but  the  latter  are  so  well  executed,  that  all  the 
essential  features  are  preserved.  Photo-lithography  has  now  advanced 
to  a  high  degree  of  perfection ;  but  in  1856,  when  Professor  J.  W. 
Draper  was  making  the  microscopic  photographs,  which  his  work  on 
Human  Physiology  demanded,  it  was  found  necessary  to  copy  them  by 
hand  on  the  wood. 
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REVIEWS. 


METALLUEGY.» 

In  all  probability,  the  art  of  reducing  Metals  from  their  ores  dates 
amongst  the  very  earliest  of  the  evidences,  which  we  possess,  of  the 
exercise  of  hmnan  reason,  in  the  infieuicy  of  mankind,  upon  the  crude 
natural  products  of  the  Earth.  The  poets  haye  imagined  the  discovery 
of  the  metals  to  have  been  accidental. 

**  When  shady  woods,  on  lofty  mountains  grown. 
Felt  scorching  fires,  whether  from  thmider  thrown. 
Or  else  by  man's  design  the  flames  arose, — 
Whatever  'twas  that  gave  these  flames  their  birth. 
Which  burnt  the  towering  trees  and  scorched  the  earth ; 
Hot  streams  of  silver,  gold,  and  lead  and  brass ; 
As  Nature  gave  a  hollow  proper  place. 
Descended  down  and  formed  a  glittering  mass."  f 

Accidents  do  not  strictly  belong  to  the  advances  of  science.  The 
same  phenomenon  may  occur  unnoticed  for  ages ;  but,  eventually,  a 
mind  prepared  to  receive  the  truth,  seizes  the  indication  and  gives  it 
a  practical  value.  Many  strong  objections  could  be  urged  to  the 
poet's  view;  but  since  the  story  of  Metallurgy  is  lost  to  history, 
the  above  tradition  is  as  worthy  of  reception  as  any  other. 

The  oldest  records  inform  us  that  a  considerable  degree  of  perfec- 
tion in  the  working  of  Metals  had  been  acquired  ere  yet  History  had 
begun  to  keep  her  record.  Job  and  Jeremiah  use  the  refining  of 
silver  as  symbolic  of  the  condition  of  the  people,  by  whom  they  were, 
each  in  his  respective  age,  surrounded.  Hesiod  and  Homer  describe 
the  precious  metals,  and  especially  notice  the  valuable  applications  of 
Bronze  and  Iron.  Archceologists  have,  as  it  appears  to  us,  somewhat 
hastily,  made  the  divisions  of  a  Stone  age,  a  Bronze  age,  and  an  Iron 
age,  to  represent  certain  steps  in  the  upward  march  of  our  race.  That 
the  use  of  Bronze  should  have  preceded  the  use  of  Iron  is  not  pro- 
bable. That  they  were  used  at  the  same  period,  in  the  early  days, 
is  certain,  since  we  have  examples  from  Assyria  of  Bronze  being  cast 
upon  cores  of  Iron. 

Tubal  Cain,  "  the  instructor  of  every  artificer  in  brass  and  iron," 
is  curiously  repeated  by  every  nation  as  the  one  originator  of  these 
arts.  The  name  varies  with  the  people ;  but  whether  it  be  the  Tubal 
of  the  Hebrews,  or  the  Yoeliind  of  tiie  Scandinavians — the  "  Master 
Smith  "  is  the  one  man  who  is  worthy  of  "  worship  and  honour." 

*  *  Metallurgy  :  The  Art  of  Extracting  Metals  from  their  Ores,  and  adapting 
them  to  various  Purposes  of  Manufacture.'    By  John  Percy,  M.D.,  F.K.S. 

*  Fuel,  Fire-clays,  Copper,  Zinc,  Brass.  &c.,'  vol.  i. 
'  Iron  and  Steel,'  vol.  li.    Murray,  London. 

t  *  Hesiod.'    See  *  Watson's  Chemical  Essays.' 
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However  discovered,  men  must  have  used  the  simple  metals  before 
they  employed  the  alloys.  Nothing  is  more  curious,  in  the  history  of 
human  progress,  than  the  fact,  that  the  oldest  tombs  of  Egypt,  the 
buried  palaces  of  Assyria,  the  *'  giants*  graves  *'  of  Northern  Europe, 
and  the  Celtic  remains  of  our  own  Islands,  yield  Bronzes  identical  in 
their  composition,  and  differing  not  from  that  which  we  now  employ. 
Bronze  is  a  mixture  of  Copper  and  Tin.  Before  these  could  have 
been  combined,  either  in  E^pt  or  Assyria,  man  must  have  obtained 
his  Copper  from  the  Peninsula  of  Sinai — and  his  Tin  from  the  British 
Isles,  or  the  Islands  of  the  Indian  Archipelago.  Therefore,  naviga- 
tion must  have  advanoed  to  that  state  which  would  have  taught  him  to 
traverse  wide  and  distant  seas ;  and  when  the  metals  were  obtained, 
experimental  science  must  have  determined  the  true  proportions  for 
making  the  best  combination  for  implements  or  weapons. 

The  history  of  the  Arts  points  to  a  much  higher  antiquity  than  that 
which  we  have  hitherto  been  in  the  habit  of  assigning  to  the  human 
family. 

We  have  not  to  deal  especially  with  the  history  of  Metallui^  in 
considering  the  volumes  which  are  before  us,  since  they  treat  mainly 
of  the  practice  of  this  Art.  It  was  dif&cult,  however,  to  resist  the 
temptation  of  a  few  remarks  on  its  antiquity,  and  the  stete  of  perfec- 
tion at  which  it  had  arrived,  at  a  very  early  period.  To  many,  the 
mere  smelting  of  the  ore  of  a  metal  is  a  simple  operation  which  an  un- 
trained mind  could  carry  out.  A  glance  at  the  two  volumes  on  Metal- 
lurgy by  Dr.  Percy  will  show  that  every  stage  of  reduction  demands 
an  amount  of  knowledge  which  can  only  be  acquired  by  long-con- 
tinued experiments,  or  close  scientific  study.  By  the  latter  the  labours 
of  the  former  may  be  much  reduced,  but  never  dispensed  with. 

England  is  the  great  metallurgical  country  of  the  world.  Within 
her  sea-girt  Isles  she  possesses  a  greater  variety,  and  a  larger  quantity, 
of  the  metalliferous  minerals  than  are  found  in  any  other  part  of  the 
Earth,  within  the  same  area.  Gold  and  Silver — Copper — Tin — Lead 
— Iron — ^Zinc — Antimony — Cobalt — Nickel — ^Bismutii — and  the  ores 
of  the  rarer  metals  are  found ;  and  from  one  end  of  the  land  to  the 
other,  the  blaze  of  the  furnace  proclaims  the  industry  of  her  sons  in 
reducing  them  to  the  metallic  state.  Tin  smelting-houses  in  Corn- 
wall; Copper  works  around  Swansea;  Zinc  works  in  many  places; 
Lead  "  smelt-miUs  "  in  the  Northern  Counties,  North  Wales,  and  other 
districts — and  562  Blast  Furnaces  in  operation,  proclaim  the  activity 
of  our  Metallurgies.  Although  we  produce  annually  Metals  and  Coals 
to  the  value  of  34,691,000/.,  our  literature  has  remained  barren  of 
Works  treating  of  this  subject.  If  we  name  some  half-dozen  on 
Metallurgy  our  list  will  be  exhausted — and  in  no  one  of  these  is 
the  subject  treated  with  the  desired  comprehensiveness.* 

♦  The  following  are  the  works  alluded  to : — 

1.  *A  Treatise  on  >  the  Progressive  Improvement  and  Present  State  of  the 
ManofactiireB  in  Metal.'  2nd  edition.  Edited  by  Robert  Hunt  1853.  Long- 
mans, Loudon. 

2.  '  A  Manual  of  Metallurgy.'    By  John  Arthur  Phillips.    Griffin,  London. 

3.  '  The  Useful  Metals  and  their  Allocs.'  By  Sooffem,  Truran,  Clay,  Oxland, 
Fairbairn,  and  Aitkins.    Houlston  &  Wnght. 


1864.]  MeiaUurgy:  527 

The  'Metallurgy'  of  Dr.  Percy  is  published  to  meet  a  want 
which  has  long  been  felt,  and  which  we  rejoice  to  see,  at  last,  ade- 
quately supplied.  The  two  volumes  which  are  completed  (we  think 
it  wise  to  include  both  in  our  notice,  although  YoL  I.  was  published 
in  1861)  embrace  the  most  important  Metallurgies,  and  they  really 
leave  but  little  to  be  desired.  The  author  is  peculiarly  fitted  by  his 
education,  and  his  opportunities,  for  the  production  of  a  work  which 
must  be  equally  acceptable  to  the  manufacturer  and  the  man  of 
science. 

To  place  an  Ore  of  Lead — or  Copper— or  Iron  in  a  fire,  and  by 
the  intensity  of  heat  to  run  out  a  fluid  metal,  is  certainly  a  simple 
matter.  But  when  we  remember  that  nearly  all  ores  are  of  a  very 
compound  nature ;  that  the  chemical  af&nities  in  action  are  of  the 
most  powerful  kind ;  and  that  the  metallurgist  has  so  to  direct  his 
skilled  labour,  that  a  metal,  as  nearly  pure  as  possible,  may  be  the 
result,  we  shall  be  convinced  that  a  considerable  amount  of  scientific 
knowledge  is  required. 

*'  As  the  word  science  in  relation  to  a  manufacturing  art  is  often  vaguely 
used,  it  may  be  well  to  give  the  following  illustration  of  its  meaning : — 
When  an  ore  of  copper,  consisting  essentially  of  copper,  iron,  sulphur,  and 
silica,  is  subjected  to  a  series  of  processes,  such  as  heating  with  access  of 
air  under  special  conditions,  melting,  &c.,  copper  is  separated  in  the  metallic 
state.  The  sum  of  these  processes  is  termed  the  smelting  of  copper.  In 
this  operation  of  smelting,  certain  chemical  changes  take  place :  the  sulphur 
combines  with  the  oxygen  of  the  air,  and  is  evolved  chiefly  as  sulphurous 
acid ;  the  iron  is  similarly  converted  into  oxide,  which  combines  with  the 
silica  present  to  form  a  fusible  compound  or  slag.  There  are  thus  several 
facts  which  are  proved  on  chemical  evidence.  These  facts,  when  sys- 
tematically arranged,  may  be  said  to  constitute  the  scientific  knowledge  of 
copper  smelting  :  aud  that  knowledge  implies  necessarily  a  knowledge  of 
the  chemical  relations  of  copper,  iron,  sulphur,  oxygen,  and  silica  to  each 
other.  .  .  .  The  man  who  conducts  the  process  of  copper-smelting  in 
ignorajioe  of  these  facts,  has  simply  an  empirical,  in  contradistinction  to  a 
scientific,  knowledge  of  the  art."  * 

Dr.  Percy's  aim  has  been  to  give,  in  this  work,  clear  technical  de- 
scriptions of  each  process,  and  to  explain  by  the  light  of  science,  the 
philosophy,  if  the  word  may  be  alloweii,  of  every  step.  To  do  this,  close 
and  laborious  study,  at  the  furnace  mouth,  has  been  necessary,  and 
this  has  been  followed  by  a  searching  analysis  of  the  products,  in  the 
quiet  of  a  well-regulated  laboratory. 

This  work  is  intended  to  convey  the  largest  possible  amount  of 
information  relating  to  the  production  of  the  Metals  Nature  gives 
us  but  two  or  three  in  a  pure  or  native  state,  and,  as  it  is  designed 
with  all  things,  the  power  of  mind  is  necessary  to  mould  them  to  a 
condition  in  which  they  become  useful,      llierefore,  this  work,  very 

4.  'Papers  on  Iron  and   Steel,  Practical  and    Experimental.'     By  David 
Mnshet.    John  Weale,  Tjondou. 

5.  'The  Iron  Manufacture  of  Great  Britain,  Theoretically  and  Practically 
Conaidcred.'    By  WiJliam  Truran,  CE.    E.  &  F.  N.  Spon,  London. 

6.  'An  Elementary  Treatise  on  Iron  Manufacture.'    By  Samuel  Baldwyn 
Hogcrs.    Simpkin,  Marshall,  &  Co.,  London. 

*  *  Metallurgy  : '  Introduction. 
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logically  commenoes  with  the  Physical  Properties  of  the  Metah — and 
some  General  Considerations  on  Metallurgical  Processes,  proceeding  to  a 
full  examination  of  Fud,  and  then  entering  on  the  special  Metallnrgies 
of  the  useful  Metals. 

The  development  of  Heat  is  necessarily  a  most  important  study  to 
the  Metallurgist.  Heat  of  high  degrees  of  intensity  is  required — and 
this  must  be  produced  with  the  utmost  economy.  The  characteristics 
of  various  kinds  of  Fuel — such  as  Wood,  Chstrcoal,  Peat,  Lignite  or 
Brown  Coal,  Coal,  Coke,  and  Anthracite,  are  therefore  matters  of 
interest.  Hence  Dr.  Percy  has  devoted  a  large  portion  of  his  first 
volume  to  their  consideration.  We  should  be  wanting  in  justice  if  we 
failed  to  state  our  high  appreciation  of  the  original  matter,— experi- 
ments made  with  the  most  scrupulous  care,  and  deductions  drawn  with 
philosophical  acumen, — which  marks  this  division  of  our  author's 
labours. 

That,  notwithstanding  all  that  has  been  written  on  the  subject  of 
Coal,  and  all  the  examinations  to  which  this  Fuel  has  been  subjected 
by  Chemist,  Greologist,  and  Naturalist,  we  should  be  unable  to  answer 
the  question,  "  What  is  Coal  ?  "  is  a  sad  reflection  on  European  philo- 
sophy. In  1853  a  remarkable  trial  took  place  at  Edinburgh  before 
the  Lord  Justice  General  and  a  special  jury  to  try  this  question.  The 
result  is  well  put  by  Dr.  Percy : — 

''At  the  trial  there  was  a  great  array  of  scientific  men,  including 
chemists,  botanists,  geologists,  and  microscopists ;  and  of  practical  gas  engi- 
neers, coal-viewers,  and  others,  there  were  not  a  few.  On  the  one  side  it 
was  maintained  that  the  mineral  was  coal,  and  on  the  other  that  it  was  a 
bituminous  schist.  The  evidence,  as  might  be  supposed,  was  most  conflict- 
ing. The  judge  accordingly  ignored  the  scientific  evidence  altogether,  and 
summed  up  as  follows  : — *The  question  for  you  to  consider  is  not  one  of 
motives,  but  what  is  this  mineral  ?  Was  it  coal  in  the  language  of  those 
persons  who  deal  and  treat  with  that  matter,  and  in  the  ordinary  language 
of  Scotland  ?  because  to  find  a  scientific  definition  of  coal  after  what  has  been 
brought  to  light  within  the  last  five  days,  is  out  of  the  question.  But  was  it 
coal  in  the  common  use  of  that  word,  as  it  must  be  understood  to  be  used 
in  language  that  does  not  profess  to  be  the  purest  science,  but  in  the  ordi- 
nary acceptation  of  business  transactions  reauced  to  writing  ?  Was  it  coal 
in  that  sense  ?  That  is  the  question  for  you  to  solve.'  The  jury  found  it 
was  coal.  Since  this  trial  the  same  mineral  has  been  pronounced  not  to  be 
coal  by  the  authorities  of  Prussia,  who  accordingly  have  directed  it  not  to 
be  entered  by  the  custom-house  officers  as  coal.    * 

While  these  paragraphs  are  being  written  the  question  is  again 
before  the  Courts.  Evidence  equally  as  conflicting  as  that  given  on 
the  former  trial  has  been  tendered  by  the  men  of  science  on  this. 
Judgment  has  again  been  given  in  the  plaintifiTs  favour,  and  for  the 
third  time  the  Boghead  mineral  is  decided  to  be  a  coal.  This  trial 
furnishes  another  example  of  the  degradation  of  science,  whenever  its 
students  are  induced  to  use  their  ingenuity  as  Special  Pleaders  in  a 
Court  of  Law.  Dr.  Percy  says,  *'  In  the  present  state  of  science  I  do 
not  believe  it  possible  to  propose  an  exact  definition  of  the  term  coal." 

♦  Vol.  i.  p.  78. 
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This  confession  shows  the  limited  capacity  of  our  language— -the  poverty 
of  OUT  knowledge — the  uncertainty  of  our  scientific  definitions — and 
of  the  nomenclature  of  science  when  it  advances — or  rather  attempts  to 
advance — from  mere  details  to  enlarged  generalities. 

Naturally  following  the  subject  of  Fuel,  the  Fire-clays  and  Cruci- 
bles come  under  notice,  together  with  Sands,  Sandstones,  and  all  the 
natural  refractory  Minerals  employed  in  the  construction  of  Furnaces, 
and  as  the  means  of  exposing  tiie  Ores  to  the  action  of  intense  heat. 
This  section  cannot  bufc  be  of  great  value  to  the  practical  man.  Not 
only  have  we  the  results  of  the  labours  of  our  best  Chemists  and 
Metallurgists  given  in  concise  and  clear  terms,  but  we  have  a  con- 
siderable amount  of  original  research  communicating  much  that  is 
important. 

The  Metallurgy  of  Copper  has  the  first  attention,  and  that  of  Zinc 
follows.  There  are  few  metallurgical  processes  which  require  so  large 
an  amount  of  chemical  knowledge  as  Copper  Smelting.  Dr.  Percy  has 
carefully  described  every  stage  in  the  process,  and,  at  the  same  time, 
explained  the  chemical  changes  which  mark  each  stage.  Nearly  every 
condition  of  the  furnace  products  in  their  passage  from  the  ore  to  fine 
copper,  has  been  submitted  to  the, most  searching  examination  in  the 
author's  laboratory.  There  is  one  feature  in  connection  with  this 
research,  and  indeed  with  all  the  original  investigations  included  in 
these  volumes,  which  must  be  recorded  with  unqualified  praise.  In  no 
case  has  Dr.  Percy  avoided  giving  his  own  assistants  the  full  merits 
due  to  their  labours.  In  some  instances  indeed  we  feel  that  ho  may 
have  overstated  the  claims  of  those  who  have  worked  merely  under  his 
guidance. 

The  history  of  Copper  Smelting  in  Great  Britain  has  evidently  been 
a  favourite  subject  of  inquiiy.  It  is  therefore  very  complete.  Not 
only  have  we  full  details  of  all  the  processes  employed  in  this  country 
— with  drawings  of  the  furnaces,  &c.,  to  scale,  but  we  have  accounts  of 
Copper  Smelting  in  Sikkim,  Himalya,  and  other  parts  of  India,  in 
Japan,  Sweden,  Prussian  Saxony,  and  Bussia.  It  is  quite  impossible 
to  do  more  than  thus  hastily  notice  these  valuable  contributions  to 
applied  science,  which  must  be  studied  in  the  work  itself  by  all  who 
are  desirous  of  obtaining  accurate  knowledge  on  the  subject. 

The  History  of  Zinc  Smelting  is  touched  on,  but  it  is  not  so  satis- 
fiEictorily  given  as  that  of  Copper.  Indeed  the,  in  every  way,  interest- 
ing story  of  this  Metallurgy  in  our  own  island  is  dismissed  in  a  few 
lines.  This  is  to  be  regretted,  since  the  mining  and  smelting  of 
Calamine — especially  that  which  was  raised  in  the  Mendip  Hills — 
was,  in  the  time  of  Elizabeth,  so  important  as  to  give  rise  to  Acts  of 
Parliament  directed  to  prevent  the  Exportation  of  Zinc,  mainly  to 
compel  "  Copper  to  he  brought  in  for  the  manufacture  of  Gun-metal, 
Bell-metal,  Schrof-metal,  Latton,'*  &c.,  &c.  Dr.  Percy  quotes  much  of 
the  matter  collected  by  Dr.  Watson  and  Beckman,  who  dealt  mainly 
with  the  ancient  use  of  Zinc,  and  but  little  of  interest  besides. 

The  second  volume  of  934  pages  is  devoted  to  Iron  and  Steel.  This 
is,  without  doubt,  the  most  important  division  of  Dr.  Percy's  labours. 
He  has  departed  firom  the  plan  pursued  by  him  in  treating  of  Copper 
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and  Zinc.  We  have  no  special  history  introductory  to  the  Mann&e- 
tures  of  Iron  and  Steel,  but  a  short  sketch  at  the  condusion  of  the 
work.  Much,  it  is  true,  will  bo  found  in  the  descriptions  of  the 
yarious  processes,  which  is,  in  fact,  their  history.  Still,  we  should 
have  been  pleased,  as  we  believe  many  others  would  also  have  been, 
had  the  author  devoted  as  much  research  to  the  History  of  the  Metal- 
lurgy of  Iron  and  Steel  as  ho  has  done  to  that  of  Copper. 

The  Physical  and  Chemical  properties  of  Iron  are  most  ably  dealt 
with,  and  every  problem  of  interest  in  connection  with  the  production 
of  this  valuable  metal  is  carefully  examined.  The  different  states  of 
grey  iron,  white  iron,  and  mottled  iron  have  been  subjects  of  dose  inves- 
tigation. Dr.  Percy  gives  us  his  own  researches  into  the  modes  of 
existence  of  Carbon  in  Iron  on  which  these  states  depend,  and  also 
some  account  of  every  inquiry  of  any  value  which  has  been  made  by 
British  or  by  Continental  Chemists  and  Metallurgists. 

Spiegeleisen,  or  specular  cast-iron,  which  is  now  a  product  of  the 
highest  importance  to  the  Iron  and  Steel  manufacturer,  has,  of  course, 
claimed  a  considerable  share  of  Dr.  Percy's  attention.  He  clearly 
refers  the  peculiarity  of  this  metal  to  the  Manganese,  which  he  finds 
in  combination.  Yet,  he  states  sufficiently  all  the  evidence  which  has 
been  adduced  to  prove  Spiegeleisen  to  be  a  definite  compound  of 
Carbon  and  Iron,  the  Manganese  playing  an  unimportant  part. 

All  the  great  questions  of  the  combination  of  Silicon,  Phosphorus, 
Sulphur,  Titanium,  and  Tungsten  with  Iron  or  Steel  are  carefully 
examined,  and  this  section  of  the  work  deserves  the  most  carefdl 
attention  of  every  Iron  master.  The  numerous  alloys  of  Iron  are 
described,  and  most  of  the  patent  inventions  (?)  connected  with  this 
much  disputed  question,  of  the  merit  or  demerit  of  alloying  Iron  or 
Steel  with  other  metals,  have  a  large  share  of  attention. 

The  analyses  of  British  Iron  Ores  is  exceedingly  complete.  In 
1851  Mr.  S.  H.  Black  well  collected  with  much  care,  industry,  and 
cost,  examples  of  the  ores  then  known.  These  were  displayed  by  that 
gentleman  in  the  Great  Exhibition,  and  a  very  careful  description  of 
them,  by  him,  will  be  found  in  the  large  catalogue  of  that  Exhibition. 
This  collection  was  given  by  Mr.  Blackwell  to  the  Museum  of  Prac- 
tical Geology,  and  with  it  the  smn  of  500Z  "  towards  defraying  the 
cost  of  analyzing  all  the  more  important  of  those  ores.''  Analyses 
have  been  made  in  Dr.  Percy's  Laboratory  of  a  very  large  number  of 
these  ores,  and  published,  with  descriptions  of  their  modes  of  occur- 
rence, at  the  expense  of  the  Grovcmment.*  The  collected  analyses, 
therefore,  given  in  this  work,  are  of  the  most  trustworthy  and 
complete  character.  The  processes  of  smelting  Iron  in  all  parts  of 
the  world  are  described.  We  believe  we  may  safely  say  that  the 
author  gives  descriptions  of  every  variety  of  Iron  Furnace  in  use,  and 
in  nearly  every  case,  the  accompanying  drawings  are  to  scale.  The 
sections  of  the  English  Blast  Fainace  which  are  given,  are  remarkable 
examples  of  the  amount  of  care  which  has  attended  every  stage  of  the 

*  *  Memoirs  of  the  Geolof?icfll  Survey  of  Great  Britain  :   The  Iron  Ores  of 
Great  Britain,  parts  1.  2,  3,  4.'    Longman  &  Co.  Jjondou. 
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inquiry  into  this  important  division  of  Iron  mannfactnre,  and  of 
the  zeal  with  which  author  and  engraver  have  laboured  to  produce  the 
most  satisflEM^ry  results.  With  the  enormous  development  of  our 
Iron  industries,  there  has  been,  naturally,  greatly  increased  attention 
to  all  the  details  of  manufacture.  Every  stage  of  the  process,  from 
the  casting  of  "  mine  "  (iron  ore)  into  the  furnace,  to  the  flowing  out 
of  pig-iron,  has  been  rigorously  investigated  by  the  author;  and,  again, 
every  step  in  the  progress  of  manufacture,  into  '*  merchant  bars,"  or 
the  conversion  of  iron  into  steel,  has  been  subjected  to  the  most 
minute  examination.  The  attention  which  has  been  given  by  Dr. 
Percy  to  all  these  points  has  ensured  a  great  degree  of  exactness  in 
his  descriptions,  and  there  is  little  left  to  be  desired  in  any  one  of 
them. 

The  invention  of  "  Puddling "  by  Henry  Cort  is  now  very  satis- 
factorily established ;  and  the  story  of  his  ruin,  through  the  £raudulent 
conduct  of  his  partner,  Mr.  Samuel  Jellicoe,  and  the  stupidity  and 
blundering  of  the  government  officials  with  whom  he  had  to  deal,  is 
stated  by  Dr.  Percy  with  great  lucidity,  and  with  the  most  honourable 
and  kindly  feeling.  We  should  perhaps  explain,  for  the  benefit  of 
some  of  our  readers,  that  "  puddling  "  is  a  name  given  to  a  process  by 
which  |n^-tron,  molten  on  the  bed  ofareverberatory  furnace  heated  by 
flame,  is  converted  into  malleable  iron  through  the  decarbonizing  action 
of  the  oxygen  of  the  air  circulating  through  such  a  fomaca  Pig-iron 
is,  essentially,  a  compound  of  Carbon  and  Iron :  other  matters  are 
combined  with,  and  influence  its  quality,  such  as  Sulphur,  Silicon, 
Manfi^anese,  and  Phosphorus.  These  are  removed  either  by  combina- 
tion  ^th  oxygen  when  they  escape  in  the  gaseotu  form,  or  by  mixing 
with  the  slag,  when  they  are  mechanically  removed.  The  mean  of 
many  analyses  of  Pig-iron  gives  about  3  per  cent,  of  Carbon,  2^  per 
cent., of  Silicon,  and  94  of  Iron ;  that  of  Malleable  Iron  being  about  i 
of  a  percentage  of  Carbon,  and  |  of  Silicon.  This  is  to  be  considered 
as  a  general  statement  of  the  character  of  these  two  varieties  of  iron, 
the  difference  it  will  be  seen  depending  upon  the  absence  of  Carbon 
or  Silicon.  Many  processes  have  been  devised  to  supersede  the 
laborious  operations  of  puddling,  but  none  of  them  have  been  as  yet 
entirely  successful. 

Steel  is  a  third  condition  of  Iron,  in  which  some  Carbon  exists  in 
a  peculiar  state  of  chemical  combination  with  the  Iron.  Dr.  Percy 
says: — 

**  The  production  of  Cast-iron  into  Steel  by  partial  decarburization  may 
be  effected  in  several  ways ;  and  of  these  are  three  of  chief  importance, 
nauiely,  fining  in  a  hearth  with  charcoal  as  the  fuel,  puddling  in  the  rever- 
beratory  fumaf^e,  and  the  Bessemer  process.  The  first  is  the  ancient 
methoci,  which  is  still  extensively  practised  on  the  Continent,  especially  in 
Styria;  the  second  is  only  of  recent  date,  but  has,  nevertheless,  made 
rapid  progress ;  and  the  third  is  the  most  novel,  and  certainly  destined  to 
play  an  important  part  in  the  world.  If  Steel  be  regarded  simply  as  Iron 
carhurized  in  degrees  intermediate  between  Malleable  and  Cast-iron,  then 
it  is  obvious  that  the  latter,  during  its  conversion  into  the  former  in  the 
process  of  fining  and  puddhng,  must  pass  through  the  state  of  Steel. 
Accordingly,  it  is  found  that  by  suitably  regulating  and  arresting  the 
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decarburizing  action  in  these  processes,  Steel  may  be  obtained  instead  of 
Malleable  Iron." 

The  ''  Finery  "  process  as  practised  over  Europe  is  very  satisfac- 
torily described,  and,  as  far  as  we  are  acquainted  with  it,  the  same 
may  be  said  of  the  descriptions  given  of  the  production  of  Steel  hy 
puddling.  The  "  Section  on  Decarburization  by  blowing  atmospheric 
air  through  molten  pig-iron,"  admitted  by  Dr.  Percy  to  be  a  process 
*^  destined  to  play  an  important  part  in  the  world,^^  does  not  stnke  us 
as  being  so  complete  as  is  desired.  This  is  the  Bessemer  process, 
which  consists  essentially  in  placing  molten  pig-iron  in  a  vessel  called 
a  "  converter  " — an  ellipsoidal  vessel,  made  of  wrought-iron, — and  then 
forcing,  by  blowing  engines,  a  blast  of  air  through  it.  Dr.  Percy  says 
of  this  process : — 

"  I  never  witnessed  any  metallurgical  process  more  startling  or  impres* 
sive.  After  the  blast  was  turned  ou,  all  proceeded  quietly  for  a  time, 
when  a  volcano-like  eruption  of  flames  and  sparks  suddenly  occurred,  and 
bright  red-hot  scoriao  or  cinders  were  forcibly  ejected,  which  would  have 
inflicted  serious  injury  on  any  unhappy  bystanders  whom  they  might 
perchance  have  struck.  After  a  few  minutes  all  was  again  tranquil,  and 
the  molten  malleable  iron  was  tapped  ofl'.^ 

By  the  .action  of  the  atmospheric  air  on  the  molten  pig-iron,  a 
temperature  is  obtained,  higher  than  any  ever  before  attained  in 
metallurgical  operations.  This  process  is  now  in  active  operation  in 
some  of  the  largest  works  in  this  country,  and  others  are  engaged  in 
adapting  their  works  to  receive  the  required  machinery.  In  Sweden, 
Prussia,  and  France,  the  Bessemer  process  is  superseding  every  other, 
and  it  promises  indeed,  as  Dr.  Percy  says,  "  to  play  an  important  part 
in  the  world." 

This  invention  was  clearly  arrived  at  by  persevering  industry,  and 
an  irrepressible  hope  which  led  the  inventor  to  pass  by  failures  as 
things  of  course,  and  steadily  to  work  to  the  end  which  he  has 
achieved,  and  for  which  he  is  now  receiving  a  substantial  reward. 

We  hope,  in  the  second  edition  of  this  work,  that  Dr.  Percy  will 
give  us  the  benefit  of  such  a  close  examination  of  every  stage  of  the 
Bessemer  process  as  its  high,  admitted,  importance  demands,  and  which 
he  has  given  to  some  of  the  other  processes  described  by  him. 

We  cannot  refrain  from  expressing  our  regret  that  one  feature,  so 
strongly  marked  as  to  become  a  peculiarity,  runs  through  this  work* 
We  allude  to  the  desire,  almost  always  shown,  to  trace  back  each 
man's  thought  to  some  often  undeveloped  thought  of  earlier  and  yet 
earlier  date.  The  analytical  character  of  Dr.  Percy's  mind  has,  to  a 
great  extent,  led  to  this.  The  kindly  spirit  with  which  he  reviews  the 
history  of  the  discoveries  made  by  Henry  Cort  is  a  most  pleasing 
exception  to  his  rule.  What  the  poet  Coleridge  said  of  those  critics 
who  were  always  endeavouring  to  find  yet  earlier  footsteps  in  the 
snows  of  Helicon,  in  which  the  last  adventurers  on  the  hill  of  Fame 
had  trodden,  applies  with  equal  force  to  the  historian  of  science  or  of 
manufacture.  We  do  not  for  one  moment  intend  to  dispute  the  cor- 
rectness of  any  one  of  the  statements  made  regarding  early  or  foreign 
processes,  nor  do  we  intend  to  say  that  they  are  not  in  many  respects 
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• 
like  those  more  modem  prooesses  with  which  they  are  compared. 
But  in  every  instance  where  success  has  attended  the  recent  process, 
it  will  be  fomid  to  be  due  to  some  original  thought,  which  renders  the 
manipulatory  details  on  which  that  success  depends,  an  original  dis- 
covery. Do  not  let  us  encourage  the  habit  of  endeavouring  to 
^limmiah  the  Small  rewards,  whidi,  in  the  aggregate,  are  gained  by 
inventors.  In  some  few  cases  a  substantial  recompense  for  benefits 
gained  is  bestowed  by  the  public  on  the  originator  of  a  novelty,  but  in 
by  &r  the  larger  number,  the  sole  reward  is  the  consciousness  that 
success  has  been  deserved,  although  it  has  not  been  achieved. 

There  cannot  be  any  difference  of  opinion,  amongst  those  who  are 
acquainted  with  Metallurgy,  on  the  value  of  this  work,  as  elucidating 
nearly  every  point  of  importance  in  the  processes  by  which  the  ores 
are  converted  into  metals.  The  man  of  practice  may  possibly  think 
it  would  have  given  a  more  complete  character  to  the  work  if  the 
author  had  minutely  dealt  with  the  numerous  phenomena  which 
present  themselves  to  the  smelter.  The  man  of  science  may  feel  that 
he  desires  on  many  points,  an  examination  yet  more  searching  than 
that  which  Dr.  Percy  has  given.  To  the  first  we  may  reply  that  thtf 
minuteness  desired  by  him  would  have  detracted  from  the  use  of  this 
work.  It  deals  sufficiently  with  all  the  principal  changes,  chemical 
or  physical,  which  are  essential  to  the  production  of  marketable  metal. 
The  minute  details  if  described  in  a  book,  cannot  be  learnt  from  it, 
and  therefore  only  tend  to  obscure  the  more  important  matters. 

To  the  latter,  we  say,  for  special  examinations  you  must  go  to 
special  treatises,  and  remember  that  Dr.  Percy  has  in  nearly  every 
instance  indicated  the  sources  from  which  he  has  drawn  his  facts,  and 
from  which  the  additional  evidences  can  be  obtained. 

^  Metalluboy  "  is  a  most  valuable  contribution  to  the  Literature 
of  Science  and  the  Arts.  It  removes  from  us  the  censure  that  we  did 
not  possess  a  treatise  on  the  metals,  of  any  standard  character,,  and  it 
gives  us  a  work  to  which  we  can  with  satisfeMstion  refer,  as  setting 
forth  in  clear  and  intelligible  language  all  that  it  is  necessary  to  know 
of  the  processes  employed  in  our  large  works,  to  give  those  results 
which  have  placed  us  as  the  first  Metcd-makers  in  the  world. 

We  cannot  conclude  our  notice  without  speaking  of  the  numerous 
woodcuts  which  add  greatly  to  the  value  of  the  book.  *In  execution 
they  are  superior  to  any  that  can  be  found  in  our  works  on  Science. 
The  precision  with  which  they  have  been  copied,  and  the  clearness 
with  which  the  minute  parts  have  been  engraved,  constitute  them 
examples  to  all  wood  engravers  who  may  have  to  deal  with  Mechanics 
or  Engineering.  The  scale  which  accompanies  each  engraving  adds 
greatly  to  its  value,  since  this  renders  it  easy  ^to  construct  a  machine 
or  build  a  furnace  without  any  other  drawings. 

The  author,  and  all  who  have  aided  in  the  production  of  this 
work,  merit  the  utmost  reward  which  an  appreciating  public  can 
bestow  on  a  careful  record  of  the  most  important  of  British  industries. 
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OOMPAEATIVE   ANATOMY   AND    CLASSIFICATION.* 

One  of  the  moat  striking  qualities  of  the  hmnan  mind  is  the  perception 
of  the  order  which  pervades  the  nniverse ;  and  one  of  its  most  remark- 
able tendencies  is  to  arrange  and  classify  all  visible  objects  and  per- 
oeptible  forces.  It  matters  not  whether  the  objects  are  vast  and 
distant,  as  the  heavenly  bodies ;  near  and  appreciable  to  the  tonch,  as 
the  constituent  parts  of  the  earth  or  the  living  objects  on  its  snrflEU^  ; 
whether  visible  to  the  eye,  as  organic  and  inorganic  beings  of  definite 
form  and  colour,  or  cognizable  only  through  chemical  or  physical 
agencies,  as  gases,  &c. ;  it  is  immaterial  whether  the  forces  be  physical^ 
as  magnetism,  electricity,  light  and  heat,  or  vital,  such  as  those  which 
are  especially  manifested  in  plants  and  animals,  or,  lastly,  even  the  phe- 
nomena of  the  hmnan  mind  itself;  the  habit  of  man  is  always  to  deal 
with  these  various  objects  and  powers  in  an  orderly,  systematic  manner. 
And  if  this  systematic  or  classificatory  treatment  were  simply  applied 
to  such  objects  as  minister  to  his  own  wants  and  desires,  to  plaatSy 
j^m'TTiftlg^  useful  or  ornamental  minerals  and  so  forth,  one  might  be 
disposed  to  regard  this  quality  of  the  mind  as  an  instinct  analogous 
in  some  degree  to  the  power  of  selection  for  utilitarian  purposes  pos- 
sessed by  some  of  the  lower  animals.  But  we  find  the  very  reverse  to 
be  the  case ;  namely,  that  individuals  and  races  of  men  who  appear  to 
have  no  higher  aim  than  to  satisfy  their  bodily  wants,  care  litde  about 
the  order  or  arrangement  of  the  things  which  surround  them,  whilst  men 
of  the  highest  intellects  (those,  indeed,  who  often  think  the  least  about 
the  practical  uses  of  the  objects  that  engage  their  attention)  have  from 
time  immemorial  been  employed  in  detecting  relations  in  natural 
objects,  and  in  drawing  up  systems  of  classifications  to  embrace  all 
forms  having  characteristic  features  in  common,  whether  in  the  or- 
ganic or  inorganic  realm  of  nature. 

That  such  systems  of  grouping  or  classification  are  chiefly,  if  not 
entirely,  the  creations  of  the  human  intellect,  few  will  be  disposed  to 
doubt  who  have  perused  the  past  history  of  any  branch  of  science, 
and  it  is  obvious  that  like  many  other  aids  to  education,  they  have 
been  invented  for  the  purpose  of  facilitating  the  acquisition  of  know- 
ledge. Were  man  acquainted,  for  instance,  with  the  form,  structure, 
and  vital  attributes  of  all  living  and  fossil  animals,  he  would  not  con- 
ceive of  the  animal  kingdom  as  parcelled  out  into  sub-kingdoms, 
classes,  orders,  fEonilies,  &c.,  but  it  would  present  itself  to  his  mind  as 
one  perfect  connected  whole ;  and  if  for  the  convenience  of  reference, 
it  pleased  him  to  retain  these  old  boundaries,  it  would  only  be  as  he 
now  rules  the  meridians  upon  his  maps ;  for  they  would  no  more  have 
a  real  existence  than  have  the  lines  of  latitude  and  longtiude  upon 
the  surface  of  the  globe. 

Another  curious  phenomenon  in  connection  with  this  faculty  of 

♦  *  Lectures  on  the  Elements  of  Comparative  Anatomy/  by  Thomas  Heniy 
Huxley,  F.R.8.,  Professor  of  Natural  History,  Royal  School  of  Mines,  &c;  *On 
the  Classification  of  Animals,  and  on  tl\,e  Vertebrate  Skull.'  Jolm  Churcliill  & 
Sons,  1864. 
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«la8sifioation,  is  that  it  has  a  value  apart  from  the  knowledge  of  the 
objects  of  which  it  treats.  As  this  is  a  somewhat  vagne  expression, 
we  would  explain  it  by  saying,  that  the  knowledge  how  to  classify  is 
one  science,  whilst  an  intimate  acquaintance  with  the  subjects  classified 
is  another ;  it  is  not  at  aU  unusual  to  find  a  dever  systematiser  who 
has  little  intimate  practical  knowledge  of  the  large  majority  of  objects 
which  he  arranges  according  to  their  leading  properties,  whilst  there 
are  innumerable  so-called  practical  men  of  science  to  whom  systems  of 
classification  are  almost  imknown.  When,  however,  we  meet  with 
«n  individual  proficient  in  both  departments  of  knowledge,  it  may 
naturally  be  expected  that  any  new  arrangements  proposed  by  such 
an  one,  will  be  valuable  to  students  and  observers.  In  no  branch 
of  science  have  there  been  greater  changes  in  regard  to  classifica- 
tion than  in  natural  history ;  and  when  we  restrict  that  term  to  its 
popular  signification,  zoology,  we  cannot  fail  to  be  struck  with  the 
great  number  of  systems  which  have  from  time  to  time  been  recom- 
mended by  men  of  undoubted  eminence,  subjected  to  alterations, 
corrections,  and  emendations,  and  which  have  superseded  one  another 
with  astonishing  rapidity.  To  the  young  beginner  this  circumstance 
is  often  a  matter  of  great  perplexity,  and  he  frequently  finds  that  when 
at  the  recommendation  of  a  fnend  or  teacher,  having  a  particular  bias, 
fae  has  mastered  the  arrangement  of  some  well-known  systematic 
zoologist,  he  has  a  great  deal  to  unlearn,  before  he  can  renew  his 
studies  on  a  par  with  those  who  have  availed  themselves  of  more 
recent,  or  perhaps  more  accurate  systems  of  classification. 

Some  years  ago,  a  favourite  book  with  beginners  was  Bymer 
Jones's  ^  Natural  History  of  Animals,*  *  a  very  attractive  little  work, 
well  written,  and  beautiSilly  illustrated,  and  one  that  has  no  doubt 
raised  up  many  an  active  and  useful  devotee  of  science.  The  author 
of  this  book,  believing  all  methods  of  classification  propounded  up  to 
his  time  to  have  been  very  imperfect,  set  to  work  to  build  up  a  new  one 
based  upon  the  most  recent  experiences  of  his  day.  Aristotle,  he  told 
his  readers,  had  simply  classed  all  animals  under  two  great  heads,the  one 
possessing  colourless,  and  the  other  red  blood,  divisions  which  corre- 
spond with  the  invertebrala  and  vert^ata.  Passing  from  the  old  Greek 
philosopher  to  the  fathers  of  modem  zoological  science,  he  touched 
upon  the  systems  of  Linnsus  and  Cuvier,  both  of  whom,  recognizing  in 
the  structural  peculiarities  of  animals  suitable  guides  for  classification 
(the  external  homy  cases  in  insects,  or  the  internal  bony  framework 
of  the  vertebrcUa,  for  example),  based  their  arrangements  upon  these 
characteristics.  But  because  the  author  could  not  find  in  them  squares 
ready  fitted  to  receive  some  of  the  more  recently  discovered  forms  of 
life,  he  was  dissatisfied  with  both  these  systems,  and  regretting  that 
the  celebrated  John  Hunter  had  not  lived  long  enough  to  carry  out  his 
physiological  views  in  regard  to  classification  (inasmuch  as  that  great 
anatomist  had  obtained  "  an  indistinct  glimpse  of  the  clue  that  would 
have  served  to  guide  him "),  he  announced  that  the  researches  of 
modem  physiologists  had  *'  fortunately  left  us  in  no  doubt  upon  the 

•  Van  Voorst,  1845. 
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important  question,'*  for  that  the  essence  of  all  physiology  points  to 
the  neryons  system  as  the  basis  of  all  correct  arrangements,  and  npon 
the  presence,  absence,  or  supposed  characters  of  that  system,  he  (the 
author)  therefore  based  his  classification.  But  supported  as  he  was 
in  this  view  by  many  men  of  the  highest  eminence,  he  soon  found 
himself  in  the  same  dilenmia  in  which  he  had  placed  Cuvier,  the 
greatest  systematic  zoologist  of  the  age ;  and  in  a  work  published  some 
years  afterwards,*  he  himself  acknowledged  the  imperfection  of  his 
"  neural "  system  of  classification,  and  stated  that "  in  the  lower  forms 
of  the  animal  kingdom  especially,  we  are  far  from  being  able  to  avail 
ourselves  of  such  a  guide."  He  did  not  venture,  however,  to  substitute 
a  better  system,  but  employed  the  old  one  as  a  pis  aHer, 

In  referring  to  this  fact,  we  by  no  means  seek  to  disparage  the 
author's  labours  in  the  cause  of  science  ;  on  the  contrary,  we  consider 
that  the  acknowledgment  of  the  imperfection  of  his  system  redounds 
to  his  praise,  and  exhibits  a  morsJ  courage  not  often  possessed  by 
scientific  men. 

Turning  now  to  the  Continent,  we  find  two  recent  works  on  system- 
atic zoology,  both  still  regarded  with  great  favour  in  scientific  circles, 
and  the  authors  of  which  have  built  their  systems  upon  almost  entirely 
dissimilar  foundations.  In  his  Guide  to  the  Study  of  the  Invertebrata,! 
Siebold  has  founded  his  classification  upon  the  form  and  structure  of 
animals,  ranging  them  according  to  the  simplicity  or  complexity  of  their 
organization,  and  availing  himself  of  all  known  data  of  structure  and 
development ;  whilst  Vogt  (whose  work,  with  all  its  imperfections,  is 
perhaps  the  best  zoologiod  handbook  extant)  X  has  built  up  his  system 
solely  upon  the  phenomena  of  development. 

Nor  is  it  surprising  that  Yogt  should  have  singled  out  these 
phenomena;  and  although  we  shall  presently  perceive  that  his  system 
was  as  much  open  to  objection  as  that  of  otiier  naturalists  who  direct  « 
their  chief  attention  to  one  phase  only  in  animal  existence,  we  cannot 
be  surprised  at  his  having  selected  this  one,  for  at  the  time  he  under- 
took his  task,  every  day  was  revealing  new  features  in  the  develop- 
ment of  animals  which  appeared  to  set  at  defiance  all  previous  modes 
of  classification.  To  speak  popularly,  Echinoderms  were  found,  first, 
to  lead  the  life  of  ''  Acalephs ;"  Medusas,  that  of  the  hydra ;  vmiged 
insects  gave  birth  to  others  without  organs  of  flight,  and  these  again 
produced  ofispring  resembling  their  grandparents;  creatures  that 
swam  freely  about  in  the  water  appeared  to  become  degraded,  and  to 
belong  to  quite  a  different  class,  as  entozoa,  when  their  old  habitat 
was  changed  for  the  internal  organ  of  some  warm-blooded  creatures : 
and  thus  it  became  as  difficult  to  define  the  true  position  of  a  vast 
number  of  animals  which,  in  various  stages  of  their  existence,  changed 
their  form  and  character,  as  it  would  be  for  an  uneducated  man  to 

*  '  The  General  Structure  of  the  Animal  Kingdom.'    Van  Voorst. 

t  *Lehrbuch  der  Vergleichenden  Anatomie  der  wirbellosen  Thiere/  by  C. 
Th.  V.  Siebold,  being  the  first  volume  of  the  *  Lehrbuch  der  Vergleichenden  Ana- 
tomie/ by  Siebold  &  Stannius.    Berlin :  Veit  &  Co.,  1848. 

X  Zoologische  Briefe:  Naturgeschichte  der  lebenden  imd  untergangenen 
Thiere."    2  vols.    Frankfort  am  Main  Ldterarische  Anstalt.    J.  Buetten,  1851. 
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decide  whether  a  butterfly  ought  to  be  ranked  as  a  worm  or  as  an 
insect ;  and  it  was  found  necessary  to  raise  this  and  degrade  that  form 
of  life,  according  to  the  stage  in  which  it  had  been  observed  when  its 
place  in  the  animal  kingdom  was  flrst  assigned  to  it.  But  Yogt  was 
not  content  to  rectify  the  boundaries  of  former  systems,  and  fill  up 
gaps  that  had  been  left  open  through  the  imperfect  knowledge  of  those 
who  preceded  him.  The  phenomena  of  development  had  taken  such 
complete  possession  of  his  mind,  that  he  allowed  them  to  serve  as  his 
chief  guide  in  classification ;  and  thus  we  have  the  whole  animal 
kingdom  divided,  according  to  his  method,  into  three  great  groups, 
each  possessing,  as  he  believed,  some  marked  embryonic  peculiarity, 
or,  more  correctly  speaking,  each  having  a  distinct  method  of  repro- 
duction. The  lowest  of  these  groups,  comprising  the  forms  now 
known  as  Protozoa,  had  (according  to  Yogt)  no  true  ova ;  the  second, 
embracing  the  Badiata,  Vermes,  and  all  the  MoUusca,  except  the  C^ha- 
lopoda  (cuttle-fishes,  &c.),  was  the  result  of  the  transformation  (or 
absorption)  of  the  whole  yolk  into  the  embryo;  and  the  highest 
group  in  which  he  found  the  embryo  developed  distinct  from  the  yolk 
(Gegensatz  zwischen  Embryo  und  Dotter)  comprised  the  Cephalopoda^ 
ArticukUa,  and  Vertebraia,  In  like  manner,  he  was  guided  in  the  sub- 
division of  these  groups,  especially  of  the  last-named,  by  certain 
features  in  the  development  of  the  embryo  in  ovo,  or  of  the  foBtus. 

This  system  of  classification  was  always  considered  faulty  by  the 
leading  zoologists  of  Grermany;  and  we  need  only  state  that  the 
Infosoria,  which  he  classed  in  his  group  possessing  no  ova  (kein  Ei), 
have,  through  the  recent  researches  of  Dr.  Balbiani,  of  Paris,  been 
shown  to  be  sexual  and  to  produce  ova ;  and  that  he  would  be  com- 
pelled to  seek  some  other  feature  in  their  structure  or  development  in 
onler  to  define  their  true  position,  to  show  that  his  system  is  quite  as 
imperfect  as  those  based  upon  any  other  single  phase  in  animal  life. 

But  our  limited  space  prevents  us  from  referring  to  other  systems 
of  classification,  and  with  a  passing  tribute  to  the  great  zoologist 
Milne-Edwards,  the  worthy  disciple  of  the  illustrious  Cuvier,  whose 
labours  have  been  transferred,  with  or  without  acknowledgment, 
to  innumerable  so-called  Hand-books  and  Text-books,  which  have 
been  published  in  almost  every  European  language,  we  must  now 
direct  the  attention  of  our  readers  to  the  work  before  us. 

The  first  portion  of  the  treatise,  which  is  a  reprint  of  a  series  of 
Lectures  delivered  by  the  Author  at  the  Boyal  College  of  Surgeons, 
is  devoted  solely  to  the  subject  of  Classification,  and  to  the  relations 
of  one  group  of  animals  with  another.  As  a  series  of  essays  on  this 
branch  of  zoological  science,  it  is  not  only  very  valuable  to  students 
who  already  possess  some  knowledge  of  the  subject,  but  will  be  found 
deeply  interesting  to  more  advanced  readers,  who  have  not  had  the 
opportunities  afforded  to  the  author  of  watching  the  progress  of  sys- 
tematic zoology  during  the  last  few  years,  or  to  those  whose  studies 
have  been  directed  rather  to  practical  and  experimental  zoology  than 
to  the  literature  of  the  science. 

As  regards  the  author's  system  of  classification,  he  tells  us  that 
it  is  based  "  upon  purely  structural  considerations,"  and  that  animals 
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have  been  regarded  "  not  as  related  to  other  forms  of  life  and  to 
climatal  conditions — not  as  successive  tenants  of  the  earth,  bat  as 
fabrics,  each  of  which  is  built  upon  a  certain  plan." 

Availing  himself  of  the  Cuvierian  classification,  instead  of  aspiring 
to  be  the  founder  of  a  new  method,  he  has  built  up  the  following  im- 
proved zoological  system  : — 

Table  of  the  Classes  of  the  Animal  Kingdom. 

The  Limits  of  the  Four  Cuvierian  Sub-Kingdoms  are  indicated  by  the  Brackets 

and  Dotted  Line, 

Radiata. 


Gregarin  via.     Infusoria. 
Bhizopoda  (?). 
Spongidti. 


Hydrozoa, 
Actinozoa, 


Scolecida  (?). 
Ech  inodei^rnaia. 


Poiyzoa. 


Annelida, 

Crustacea. 
Arachnida. 
Myriapoda, 
Insecta, 


Aruculata. 


}  Mollubga. 


Pisces. 

Amphibia, 

Reptilia, 

Aves, 

Mammalia, 


►Vertkbrata. 


Brachiopoda, 
Ascidioida, 

LameUibranchiata. 

Branchiogasteropoda, 
Pvlmogasteropoda. 
Pteropofla, 
Cephalopoda, 

As  each  of  the  foregoing  groups,  the  author  says,  ^  embraces  one  of 
the  principal  types  or  plans  of  modification  of  the  animal  form,^  a 
precise  knowledge  of  that  which  constitutes  the  typical  structure  of 
each  of  these  groups'*  will  serve  to  convey  an  exhaustive  knowledge  of 
the  animal  kingdom.  He  proposes,  therefore,  to  "  define  the  various 
groups,"  or  where  definition  is  not  yet  possible,  "  to  describe  a 
typioal  example."  And  it  is  due  to  Professor  Huxley  to  say,  that  in 
thus  seeking  to  present  to  his  readers  a  correct  outline  of  the  animal 
kingdom,  he  has  fulfilled  all  the  conditions  essential  for  the  executioii 
of  his  task;  and  where  he  falls  short  in  its  performance  (as  he 
acknowledges  from  time  to  time,  in  the  course  of  his  survey),  it  is  not 
from  any  inability  to  classify  and  arrange,  but  owing  to  the  want  of 
materials  with  which  to  operate. 

His  illustrations  (we  mean  his  drawings),  which  necessarily  form 
a  most  important  feature  in  the  work,  have  the  merit  of  being  to  a 
great  extent  original,  and  those  which  are  not  so,  are  in  most  cases 
taken  from  the  newest  works  bearing  upon  the  special  subject  to  which 
they  refer,  the  observer's  name  being  in  every  instance  appended  to 
them, — a  rule  which  we  recommend  for  more  general  adoption.  The 
careful  dissections  of  the  author,   more  especially  of  the  typical 
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examples  PhaUuna*  Anodon^  HeUx^  and  Sepia^  are  remarkably  well 
adapted  for  displaying  the  organization  of  the  groups  to  which  they 
belong,  and,  in  addition  to  a  great  number  of  typical  illustrations 
taken  from  life,  the  student  will  find  two  little  diagrams  exhibiting,  in 
a  simple  but  striking  manner,  the  distinctions  between  the  general 
structure  of  the  vertebrate  and  invertebrate  tyx>es  of  the  animal  king- 
dom. In  adopting,  as  he  has  done,  the  system  of  Cuvier,  the  author 
has  displayed  sound  judgment,  and,  geneially  speaking,  his  additions 
and  modifications,  necessitated  by  the  advances  in  zoological  science, 
appear  to  be  the  best  he  could  have  made.  We  recommend  this  portion 
of  his  work  to  "  science  teachers,"  and  to  students  who  wish  to  base 
their  knowledge  upon  a  good  foundation.  For  these  purposes  the 
laiiguage  might  have  been  simplified  with  advantage,  but  in  no  case  is 
there  a  want  of  clearness,  nor  do  we  find  in  it  any  affectation  of 
learning,  although,  as  we  have  already  said,  the  most  important  facts 
which  have  recently  been  contributed  by  the  leading  observers  of  the 
day,  both  at  home  and  abroad,  are  included  in  his  comprehensive 
review  of  the  animal  kingdom.  To  this  retrospect  the  first  six 
chapters  of  the  work  are  exclusively  devoted. 

In  our  notice  of  those  Lectures  in  Professor  Huxley's  work,  in 
which  the  structure  and  development  of  the  vertebrate  skull  and  '*  the 
theory  of  the  vertebrate  cranium"  are  treated  of,  it  is  not  our  inten- 
tion to  attempt  an  analysis  of  the  multitudinous  details  (many  of  which 
are  of  a  most  elaborate  nature)  therein  discussed,  but  to  confine  our- 
selves to  the  consideration  of  some  of  the  leading  propositions  laid 
down  and  conclusions  arrived  at. 

Since  the  year  1807,  when  Oken,  in  his  "  Programm,"  first  an- 
noimced  the  remarkable  hypothesis  that  the  skull  is  but  a  peculiar 
modification  of  the  vertebnd  column,  the  "  vertebrate  theory  of  the 
cranium"  has  more  or  less  occupied  the  attention  of  many  distinguished 
anatomists,  and  Spix,  Bojanus,  G.  St.  Hilaire,  Cams,  and  Professor 
Owen,  have  published  elaborate  Memoirs,  in  which  they  have  adopted 
the  general  conception  of  Oken,  with  more  or  less  modification  in  the 
details  of  his  plan. 

The  great  reputation  of  the  celebrated  English  anatomist,  and  the 
weight  attached  to  his  opinions,  have  induced  many  anatomists  in  this 
country  to  accept  his  views,  without,  perhaps,  inq[uiring  minutely  into 
the  data  on  which  his  conclusions  are  based.  And  in  some  of  our 
anatomical  text-books  the  nomenclature,  and  system  of  arrangement 
of  the  cranial  bones  into  vertebrte,  advocated  by  Owen,  have  been 
introduced,  not  without  creating  confusion,  into  the  descriptions  of 
the  human  cranium.  There  were,  however,  always  a  few  anatomists 
who  declined  to  give  in  their  adhesion  to  the  system  of  Professor 
Owen.  Most  prominent  amongst  these  was  Professor  Goodsir,  who, 
applying  to  the  investigation  of  the  subject  the  embryological 
researches  of  Yon  Baer,  Bathke,  Beichert,  and  Bemak,  pointed  out, 
not  only  in  his  Lectures  delivered  in  the  University  of  Edinburgh, 

*  The  description  of  this  form,  and  perhaps  of  one  or  two  more,  is  rendered 
somewhat  obscure  through  an  apparently  incorrect  lettering  of  the  woodcut. 
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but  more  systematically  in  some  liigbly  pliilosopliical  Memoirs  read 
before  the  British  Association  in  Cheltenham,  August,  1856,*  the 
iiiipossibility  of  reconciling  many  of  the  morphological  conceptions 
of  Owen  with  what  is  known  of  the  mode  of  development  of  the 
cranium,  and  of  its  relations  to  the  vascular  and  nervous  systems. 
The  necessity  of  combining  embryological  investigation  with  compa^ 
rative  anatomy  in  all  our  morphological  inquiries  was  at  once  put  on 
a  firm  and  scientific  basis  by  these  Memoirs  of  Mr.  Goodsir's. 

In  pursuing  his  investigations  into  the  morphology  of  the  skull, 
Mr.  Huxley  has  employed  both  these  methods  of  research,  and  has 
arrived  at  the  conclusion  ^  that  the  skull  is  no  more  a  modified  vertebral 
column,  than  the  vertebral  colunm  is  a  modified  skull :  but  the  two 
are  essentially  separate  and  distinct  modifications  of  one  and  the  same 
structure,  the  primitive  groove." 

To  make  this  proposition  clear  to  our  readers,  it  is  necessary  we 
should  explain  that  one  of  the  fii'st  indications  of  the  development  of 
the  body  of  the  vertebrate  embryo  is  the  appearance  of  an  elongated 
linear  groove  in  the' blastodermic  membrane,  the  anterior  end  of  which, 
somewhat  dilated,  corresponds  in  position  to  the  future  head.  At  the 
bottom  of  this  groove  a  cellular  cylindrical  rod,  the  notochord,  is 
formed,  which  extends  throughout  the  whole  length  of  the  futnre 
vertebral  column.  The  anterior  end  of  the  notochord  passes  into  the 
dilated  cephalic  end  of  the  primitive  groove,  and  corresponds  in 
position  to  a  part  at  least  of  the  future  basis  cranii.  Embryologists 
do  not  agree  as  to  the  distance  to  which  this  notochord  passes  forward 
in  the  base  of  the  embryo  skull.  Mr.  Huxley,  grounding  his  state- 
ments mainly  on  the  observations  of  Bathke,  pronounces  very  positively 
that  in  all  the  vertebrata,  Amphioxus  only  forming  an  apparent 
exception,  it  stops  short  immediately  behind  that  part  of  the  basis 
cranii  which  lodges  the  pituitary  body. 

Now,  highly  as  everything  should  be  valued  which  Bathke  has 
written  on  developmental  matters,  yet  it  ought  not  to  be  forgotten 
that  this  position  of  his  has  not  been  allowed  to  pass  unchallenged  by 
embryologists  of  equal,  and  of  almost  equal  repute.  Thus  Eeichert, 
the  eminent  professor  of  anatomy  in  the  University  of  Berlin,  states 
that  it  passes  at  an  early  stage  of  development  into  the  frontal  region, 
and  KoUiker  also  has  observed  it  to  reach  farther  forward  than  Batlike 
allows.  In  that  very  remarkable  fish,  the  Amphioxus,  in  which  the 
cranium  remains  membranous  throughout  life,  the  notochord  extends 
almost  to  the  anterior  end  of  the  head,  far  in  front  of  the  origins  of 
the  olfactory  and  optic  nerves,  and  therefore  beyond  the  region  which 
would  correspond  to  the  pituitary  fossa.  The  very  striking  exception 
which  this  fish  affords  to  the  universality  of  Bathke' s  proposition,  may 
well  make  us  pause  and  ask  if  our  investigations  into  the  mode  of 
development  of  the  vertebrate  cranium  were  more  extended  than  they 
have  as  yet  been,  might  not  other  animals  be  found  in  which  simi- 
larly well-marked  exceptional  arrangements  exist  ? 

From  the   sides  of  the   *•  primitive  groove "   thin  membranous 

*  Subeequently  published  in  detailed  abstract  in  the  *  Edinburgh  New  Philo- 
Bophical  Journal/  January,  1857. 
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laminse,  'Hbo  dorsal  laminaB,"  grow  up,  and  gradually  inclining 
inwards  coalesce  by  their  edges  in  the  middle  line.  They  form  the 
foundations  of  the  lateral  w^s  of  the  skull  and  spinal  column,  and 
they  assist  in  enclosing  the  spaces  known  as  the  cranial  cavity  and 
spinal  canal. 

The  notochord  then  becomes  surrounded  in  its  whole  length  by  a 
gelatinous  investing  mass  which  gives  off  anteriorly  two  bands,  the 
"  trabecula  cranii."  These  are  prolonged  forwards,  and,  according  to 
Rathke,  embrace  the.  pituitary  fossa,  and  extend  as  fiEur  as  the  region 
in  which  the  ethmoid  bone  is  subsequently  developed.  Cartilage  is 
then  formed  in  this  investing  mass  in  by  far  the  greatest  majority  of 
crania,  and  this  constitutes  the  cartilaginous  base  of  the  skull  and  the 
bodies  of  the  different  spinal  vertebrte.  Mr.  Huxley  strongly  insists 
on  the  essential  difference  in  the  mode  in  which  this  chondrification 
of  the  investing  mass  takes  place  in  connection  with, that  part  of  the 
notochord  which  corresponds  to  the  spinal  column,  and  that  which 
lies  in  the  basis  cranii.  In  the  former,  he  states  a  separate  nodule  of 
cartilage  is  developed  for  each  of  the  bodies  of  the  future  vcrtebrsB, 
whilst  in  the  latter  a  continuous  bar  of  cai'tilago  is  formed  which 
never  exhibits  any  transverse  division  or  segmentation  And  with 
this  difference  in  the  mode  of  chondrification  he  considers  that  the 
skull  and  spine  at  once  begin  to  diverge  from  each  other  in  their 
mode  of  development,  each  putting  on  its  own  special  characters,  each 
pursuing  its  own  road  to  its  final  construction.  But  we  may  here 
pause  and  ask,  are  our  inquiries  into  the  ''  history  of  development  *' 
80  far  advanced— established  on  so  sound  a  basis — as  to  permit  us  to 
accept,  as  unconditionally  as  Mr.  Huxley  would  wish  us  to  do,  the 
primary  continuous  nature  of  the  cartilaginous  bar  in  the  basis  cranii 
developed  in  the  investing  mass  of  the  notochord  ?  Is  its  non-seg- 
mented nature  to  be  looked  upon  as  an  ultimate  fact  in  development  ? 
For  our  own  parts,  we  doubt  much  if  the  subject  as  yet  admits  of  so 
sweeping  a  conclusion  to  be  drawn.  But  if  we  put  altogether  on  one 
side  these  doubts  which  we  have  just  raised,  and  accept  the  statement 
as  a  fact  in  development,  what  value  are  we  to  attach  to  it  as  an 
indication  that,  at  this  stage,  the  skull  and  spinal  column  diverge  so 
strongly  from  each  other  that  the  one  can  be  no  longer  regarded  as  a 
modified  form  of  the  other  ?  Is  it  altogether  to  outweigh  the  generally 
admitted  fact  that  the  most  perfect  of  all  the  forms  of  skull,  viz,  the 
osseous  cranium,  exhibits,  like  the  spinal  column,  in  advanced  stages 
of  its  formation,  undoubted  evidence  of  segmentation,  and  in  the 
primordial  cranium  it  may  be  assumed  that  this  segmentation  is  at 
least  potentially  indicated  ?  And  in  the  construction  and  arrange- 
ment of  certain,  at  least,  of  these  segments,  there  is  an  approximation 
to  the  plan  of  vertebral  conformation,  more  especially  in  their  central 
and  neural  elements,  which  at  once  appeals  to  the  eye  of  the 
anatomist. 

That  the  skull  in  its  completely  ossified  state  assumes  a  very 
definite  segmentation  is  fully  admitted  by  Mr.  Huxley,  and  there  runs 
throughout  the  lectures  a  very  ingenious  argument  to  show  that  in  the 
whole  series  of  osseous  crania,  from  the  pike  to  the  man,  three  origi- 
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nally  distinct  segments  may  be  traced.  TMs  concordance  in  the 
arrangement  of  the  cranial  bones,  composing  these  segments,  he  con- 
siders, "phiices  the  doctrine  of  tiie  unity  of  organization  of  the  ver- 
tebrate skull  upon  a  perfectly  sure  and  stable  footing ;  "  whilst  from 
the  considerations  already  advanced,  as  to  the  non-segmentation  of 
the  cartilaginous  bar  in  the  basis  cranii,  "  the  hypothesis  that  the 
skull  is  in  any  sense  a  modification  of  vertebrsB  is  clearly  negatived.*' 
The  three  segments,  which  Mr.  Huxley  traces  throughout  the  series, 
are  the  occipital,  composed  of  the  basi-,  ex-,  and  supra-occipital 
bones ;  the  parietal,  of  tiie  basi-  and  ali-sphenoids  and  parietal  bones ; 
the  frontiil,  of  the  pre-  and  orbito-sphenoid  and  frontal  bones.  These 
segments  closely  correspond  with  the  central  and  neural  portions  of 
the  occipital,  parietal,  and  frontal  vertebrsd  of  Oken,  Owen,  and  some 
other  morphological  anatomists.  But  we  would  ask,  is  it  not  possible 
to  trace  a  still  greater  number  of  segments — whether  we  ciJl  them 
vertebrse  or  not,  is  of  little  consequence  to  this  part  of  our  argoment 
— ^in  the  cranium  ?  Mr.  Huxley  does  not,  in  the  above  generaliza- 
tion, limit  his  segments  to  the  region  in  which,  or  to  the  parts  of  the 
skull  in  relation  to  which,  on  his  own  showing,  the  notochord  is 
confined.  But,  by  accepting  a  presphenoidal  segment,  he  admits  of 
a  cranial  segmentation  anterior  to  the  pituitary  fossa,  i.e,  in  front  of 
the  spot  where  the  notochord,  as  he  contends,  terminates  anteriorly. 
Now,  if  the  proposition  be  granted  that  the  principle  of  cranial  seg- 
mentation is  not  necessarily  limited  to  the  region  of  the  notochord, 
but  is  applicable  to  the  primordial  cartilaginous  cranium  generally, 
we  see  no  reason  why,  in  those  cases  in  which  the  structure  and 
development  of  the  skull  admit  of  it,  a  still  greater  number  of  seg- 
ments should  not  exist,  ethmoid,  vomerine,  or  even  rhinal,  as  the 
case  may  be.  We  may  illustrate  this  by  a  reference  to  the  mammalian 
head.  In  the  head  of  the  mammal  alone  the  nasal  cavities  are  fully 
completed.  And  there  enters,  in  a  most  important  manner,  into  their 
formation,  a  series  of  cartilages,  the  nasal  cartilages,  which  remain 
imossified.  One  of  these,  forming  a  part  of  the  nasal  septum,  is  the 
anterior  prolongation  of  the  basal  portion  of  the  primorcQal  cranium, 
and  ought  therefore  to  be  taken  into  consideration  in  coming  to  any 
conclusion  as  to  the  number  and  nature  of  the  cranial  segments^  Bat 
the  septal  and  lateral  nasal  cartilages,  also,  are  quite  passed  over  by 
Mr.  Huxley,  in  his  determination  of  the  segments  of  the  skulL  Now 
this  we  cannot  but  think  is  a  most  important  omission,  and  one,  too, 
which,  if  supplied,  might  still  more  strongly  serve  to  show,  than  has 
been  done  in  these  lectures,  that,  though  there  is  in  some  respects  a 
unity  of  plan  in  the  cranial  structure  of  the  pike  and  the  man,  yet  that 
there  is  in  others  "  a  no  less  marked  diversity,  each  type  exhibiting 
structures  and  combinations  peculiar  to  itself.*'  If  the  reception  of  a 
rhinal  and  a  vomerine  segment  be  objected  to  on  the  ground  that  they 
bear  no  relation  to  the  neural  axis,  and  differ  in  this,  as  in  some  other 
particulars,  from  the  frontal,  parietal,  and  occipital  segments,  it  may 
be  answered  that  at  the  caudal  end  of  the  spinal  column  great  modifi- 
cations in  the  form  and  composition  of  the  vertebral  segments  often 
occur ;  modifications  so  great  that  the  segment  is  often  reduced  to  a 
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mere  centrum,  and  its  correlation  witli  the  nervous  axis  completely 
lost. 

Mr.  Huxley  has  deyoted  much  care  and  labour  to  the  determi- 
nation, throughout  the  vertebrate  series,  of  the  bones  which  are  homo- 
logons  to  the  petromastoid  portion  of  the  human  temporal  bone,  and 
the  mode  of  their  development.  Partly  by  a  critical  inquiry  into  the 
almost  forgotten  researches  of  Eerckringius  and  Cassebohn,  and 
partly  by  the  more  recent  observations  of  Meckel,  Hallmann,  and  him- 
self, he  has  shown  that  it  ossifies  from  three  distinct  centres,  to  which 
he  has  given  the  couTenient  terms  of  pro-otic,  opisthotic,  and  epiotic 
bones.  These  bones  enclose  the  organ  of  hearing  and  '*aro  very 
generally  represented,  sometimes  in  a  distinct  form,  and  sometimes 
coalesced  with  one  another,  or  with  other  bones,  throughout  the  series 
of  skulls  provided  with  cartilage  bones  ;  and  tho  pro-otic  especially  is 
one  of  the  most  constant  and  easily  identifiable  bones  throughout  the 
series  of  vertebrate  skulls." 

He  does  not  allocate  these  bones,  either  in  their  separate  or  con- 
junct capacity,  to  any  of  the  cranial  segments,  but  regards  them,  like 
the  osseous  chambers  of  the  olfactory  organs,  as  bony  capsules  inter- 
posed between  .the  arches  of  the  segments.  Their  true  morphological 
position  may,  however,  be  still  held  to  be  an  open  question.  '  For 
they  are  developed  in  cartilage  which  forms  a  fundamental  part  of  tho 
primordial  cranium,  and,  as  such,  it  may  be  and  has  been  argued,  both 
by  Carus  and  Goodsir,  that  they  should  have  a  place  amongst  tho 
cranial  segments. 

In  studying  the  morphological  relations  of  the  inferior,  or,  as  they 
are  sometimes  called,  hsemal  arches  of  the  cranium,  it  is  of  great  im- 
portance that  the  nasal  cavities  should  be  carefully  examined  and  the 
position  of  the  nostrils  determined.  Great  weight  was  attached  to 
these  points  by  Mr.  Goodsir,  in  one  of  the  memoirs  already  referred 
to,  and  we  find  that  Mr.  Huxley  has  also  carefully  entered  into  the 
subject.  It  has  now  been  satisfactorily  deteinnined  that  the  posterior 
nostrils  in  the  mammalia  are  openings  of  a  totally  different  character 
from  what  are  called  the  posterior  nares  in  a  bird,  an  amphibian,  a 
snake  or  a  lizard. '  In  a  man,  for  example,  the  nostrils  open  posteriorly 
behind  the  palate  bone,  whilst  in  the  other  animals  named,  they  open 
in  front  of  those  bones,  between  them  and  the  maxiUee,  and  cannot 
therefore  be  regarded  as  homologous  apertures. 

The  nature  of  the  mandibular  and  hyoidean  arches,  situated  behind 
the  orifice  of  the  mouth,  has  always  been  a  dif&cult  problem  for  the 
morphological  anatomist.  The  embryological  researches  of  Bathke 
and  Eeichert  have  done  much  to  clear  up  many  of  the  obscure  and 
complex  questions  involved  in  their  investigation.  Many  sound  mor- 
phological data  were  also  furnished  by  Mr.  Goodsir,  both  as  to  their 
relation  to  the  cranial  segments,  and  the  homology  of  their  constituent 
elements.  With  much  that  Mr.  Huxley  has  written  we  are  disposed 
to  coincide,  though  we  confess  ourselves  unable  to  accept  all  his  pro- 
positions regarding  these  arches  in  the  present  somewhat  tmoertain 
state  of  our  kuowledge  of  their  mode  of  development. 
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Although  much  has  been  done  in  these  lectures  to  endeavour 
to  supi)ly  an  exact  conception  of  the  morphology  of  the  vertebrate 
cranium,  yet  the  author  has  evidently  been  unable  to  fmd  a  place  for 
many  of  llie  bones  existing  there.  We  may  mention,  amongst  others, 
the  bones  marked  1, 2,  and  3,  in  the  pike's  skull,  the  supra-orbital  and 
sub-orbital  bones,  and  the  transverse  bone,  the  morphological  position 
of  which  he  leaves  quite  undetermined.  Looking  then  at  these  and 
other  residual  quantities  still  unaccounted  for,  the  anatomist  cannot 
accept,  nor  do  we  think  it  is  intended  by  Mr.  Huxley  that  he  should 
accept,  many  of  the  statements  advanced  in  these  lectures  as  furnish- 
ing a  final  settlement  of  that  "  much  vexed  question,"  the  morphology 
of  the  cranium.  There  is  much  work  yet  to  be  done  before  we  can 
hope  to  arrive  at  anything  like  a  definite  conclusion  respecting  it. 

The  lectures  on  the  vertebrate  cranium  ought,  however,  to  be  read 
and  carefully  thought  over  by  every  anatomist,  not  merely  because 
they  record  the  opinions  of  so  distinguished  a  teacher  as  Mr.  Huxley, 
but  because,  from  the  singularly  lucid  way  in  which  one  of  the  most 
complex  subjects  in  the  whole  range  of  anatomical  science  has  been 
treated,  they  may  well  serve  as  a  model  to  be  studied  by  future  writers. 

We  have  felt  justified  in  bestowing  a  large  amount  of  space  and 
consideration  upon  Professor  Huxley's  book  (which  should,  in  reality, 
have  formed  two  distinct  works),  because  we  believe  it  will  take  a 
high  place  in  the  classical  scientific  literature  of  our  country,  and  will 
be  handed  down  to  posterity  as  one  of  the  most  comprehensive  treatises 
on  some  at  least  of  the  subjects  with  which  it  deals ;  but  along  with  its 
valuable  information,  and  excellent  illustrations,  it  will  also  transmit 
the  fact,  too  well  known  in  our  day,  that  its  author  entertains  feelings 
of  bitter  hostility  against  his  most  eminent  contemporary.  Professor 
Owen,  for  there  is  hardly  a  chapter  in  the  work  in  which  these  feelings 
are  not  manifested. 

It  is,  no  doubt,  true  (and  is  very  much  to  be  regretted),  that  in 
Professor  Huxley's  earlier  days,  and  even  more  recently,  he  was  pained 
by  unfair  criticisms  upon  his  anatomical  investigations,  criticisms 
which  were  all  the  more  ungenerous,  because  the  object  of  them  was 
then  a  young  man  struggling  for  a  position  amongst  men  of  science  ; 
but  is  it  any  more  creditable  to  retaliate  upon  his  commentator,  by 
characterizing  his  mistaken  views  as  mendacious  ? 

It  matters  little  to  us,  whether  or  not  the  strife  continues ;  and 
as  &r  as  the  public  are  concerned,  they  either  take  it  as  a  matter  of 
course  that  Professor  Owen  will  be  attacked  whenever  Professor 
Huxley  speaks  or  writes  ;  or  they  crowd  to  the  lecture  hall  with  the 
same  feelings  as  they  would  go  to  witness  a  prize  fight ;  all  we  can 
say  is,  that  it  imparts  to  the  non-scientific  world  a  false  estimate  of 
the  spirit  which  exists  amongst  scientific  men,  a  very  &lse  estimate 
indeed,  and  what  chiefly  concerns  us  as  reviewers  is  that  it  does  great 
permanent  injury  and  reduces  the  intrinsic  value  of  an  author's  works, 
for  it  is  difficult  to  accredit  a  writer  with  strict  impartiality,  who  can- 
not exercise  a  little  control  over  his  feelings.  These  remarks  are  made 
in  the  most  friendly  spirit ;  and  we  hope  shortly  to  have  from  the  pen 
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of  the  author  a  work  of  equal  merit,  without  even  this  one  seriouB 
defect.  We  have  already  spoken  of  the  value  of  Professor  Huxley's 
illustrations,  and  now  conclude  our  notice  with  a  word  of  praise  to 
Mr.  Wesley,  the  artist,  for  the  excellent  manner  in  which  those  illus- 
trations have  been  transferred  to  the  work  itself. 


ATHEISM  AND  SCIENCE.^ 


The  extraordinary  author  of  the  extraordinary  book  before  us  says, 
quoting  '<  Hirschel,"  that  **  nothing  is  so  improbable  but  a  German 
will  find  a  theory  for  it,"  and  he  has  feivoured  his  readers  with  a  most 
striking  example  of  that  truth  in  the  publication  of  his  own  atheistical 
and  materialistic  theories,  which  are  founded,  as  he  believes,  upon 
the  newest  discoveries  of  natural  and  physical  science.  Wo  should 
certainly  have  allowed  his  book  to  run  its  course  unheeded,  without 
affording  him  an  excuse  for  adding  another  to  the  four  prefaces  in 
which  he  defends  himself  against  the  attacks  of  his  persecutors,  were 
it  not  for  another  truth  that  it  contains — namely,  that  "  the  scientific 
agitation  in  regard  to  the  question  discussed  is  daily  spreading,  and 
becoming,  without  exaggeration,  a  sign  of  the  present  time." 

The  inquiry  is,  indeed,  spreading  most  rapidly,  not  strictly 
speaking  as  an  "  agitation,"  for  those  who  agitate  are  for  the  most 
part  men  of  limited  knowledge  and  of  no  influence  in  society,  and  the 
bigotry  of  narrow  theologians  effectively  prevents  men  of  high 
eminence  in  science,  who  hold  temperate  philosophical  views,  from 
openly  expressing  their  opinions.  The  effect  is,  that  a  substratum  of 
materialism  and  atheism  is  silently  forming  beneath  the  visible  surface 
of  intelligent  society,  and  such  works  as  this,  or  others  of  a  less 
offensive  character,  are  the  unhealthy  eruptions  whereby  the  disease 
is  made  manifest. 

We  give  prominence  to  the  present  work  in  the  hope,  first,  that  it 
will  awi^en  in  teachers  of  religion  an  anxious  desire  to  possess  accu- 
rate information  on  all  scientific  subjects  which  have  a  bearing  on 
theology,  or  where  it  is  not  possible  for  them  to  devote  the  necessary 
time  to  such  a  study,  that  they  may  be  induced  to  seek  the  co-opera- 
tion of  talented  savans,  instead  of  regarding  them  with  distrust,  or 
driving  them  into  open  antagonism  by  stigmatizing  their  honest 
labours  in  the  cause  of  truth  as  deeds  of  evil ;  and  in  the  next  place, 
we  desire  to  show  our  intelligent  men  of  science  how  necessary  it  is 
to  be  cautious  in  giving  utterance  to  philosophical  speculations  which 
are  liable  to  misconstruction,  though  they  may  appear  to  be  based  upon 
scientific  data ;  and  to  satisfy  them  that  tiie  men  who  affect  atheism  are 
now,  as  heretofore,  persons  who  possess  indeed  a  larger  amount  of  gene- 

*  *  Force  and  Mutter.'  Empirico-philosophical  Studies,  intelli^bly  rendered, 
&c.  ]iy  Dr.  Luuis  Biiclmer,  President  of  the  Medical  Association  of  Hessen- 
Darmstiult,  &c.,  &e.  Editofl  from  the  lust  edition  of  *  Kraft  und  Stoff/  by  J.  Fredk. 
CoUingwootl,  F.R.S.L.,  F.G.S.    Trubucr  &  Co. 
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ral  knowledge  than  those  whom  they  seek  to  pervert,  and  quite  enongh 
Bophistry  to  turn  what  they  do  know  to  bad  account;  but  whose 
theories  will  not  bear  a  critical  examination,  and  whose  practice  can 
hardly  be  expected  to  be  such  as  would  recommend  them  to  honourable 
men,  or  even  to  justify  their  admission  into  respectable  society. 

We  have  deemed  these  prc&tory  observations  necessary  before 
acquainting  our  readers  with  the  nature  and  contents  of  a  work,  the 
perusal  of  which  has  been  a  most  painful  task  to  us,  although  we  are 
ever  ready  to  listen  to  the  theories  of  scientific  sceptics,  and  to  allow 
them  a  large  share  of  liberty  in  their  speculations. 

The  following  is  the  pMLosophy  of  the  author  and  of  his  school : — 
Matter  and  Force  are  both  immortal.  The  forces  are  inherent,  or 
immanent  in  matter ;  they  are,  in  fact,  properties  of  matter.  Matter 
is  infinite;  it  is  ''dignified,"  for  ''it  is  the  vehicle  of  all  mental 
power,  of  all  human  and  earthly  greatness." 

The  laws  of  nature  are  immutable  and  universal.  ^  Spirit  and 
nature  are  the  same,'*  and  "  reason  and  the  laws  of  nature  are  identi- 
cal." 

The  worlds  were  formed  "  from  a  shapeless  mass  of  vapours  by 
the  rotary  motion  of  specks,  so  as  gradually  to  have  become  condensed 
into  compact  globular  masses,"  and  are  kept  in  constant  and  regular 
motion  by  the  law  of  attraction. 

The  idea  of  an  "  external  personal "  activity,  or  God,  is  excluded 
"by  the  many  irregularities,  contingencies,  &c.,  in  the  economy  of 
the  universe  and  individual  bodies."  If  there  had  been  a  personal 
creative  power,  "there  would  not  have  been  these  enormous  waste 
useless  spaces  in  which  but  here  and  there  suns  and  planets  swim, 
floating  about  as  imperceptible  points;"  the  moon  would  have  had 
an  atmosphere  and  water ;  the  planets  would  have  been  all  the  same 
size ;  aud,  asks  "  Hudson  Tuttle,"  an  eminent  atheistical  authority, 
whose  opinions  are  frequently  quoted,  but  of  whose  writings  we  can- 
not help  pleading  ignorance  beyond  what  we  find  in  this  book,* 
"  Why  did  the  Creator  give  rings  to  Saturn,  which,  surrounded  by  his 
eight  moons,  can  have  little  need  of  them,  whilst  Mars  is  left  in  total 
darkness  ?  "  All  changes  m  the  Earth  have  been  produced  by  ordinary 
known  physical  forces  during  enormous  periods  of  time,  and  it  would 
be  absurd  to  suppose  that  an  arbitrary  Almighty  power  "  should  re- 
quire such  efforts  to  attain  its  objects." 

When  the  Earth  had  cooled  down  from  the  state  of  a  "fiery 
globe,"  and  the  watery  vapours  were  precipitated  upon  it,  then 
"  organic  life  developed  itself."  In  the  lowest  deposits  in  which 
organic  forms  could  have  existed,  we  find  their  traces,  and  they 
became  developed  with  each  ascending  stratum,  until  in  the  upper- 
most man  appears,  "  the  climax  of  gradual  development " — "  Man  is 
descended  not  from  several,  but  from  very  many  pairs." 

There  is  no  such  thing  (in  the  abstract)  as  design  in  nature,  nor 
are  there  any  traces  of  an  active  creating  hand.     Our  reflecting  reason 

*  It  appears  he  pubb'ahed  the  *  History  and  Laws  of  CreatioD,'  in  1860,  but  wo 
are  not  told  who  and  where  is  the  publisher,  or  we  might  have  included  the  work 
in  this  notice. 
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Ib  the  sole  cause  of  the  apparent  dedgn.  '^  There  is  no  natural  con- 
triyanoe  which  might  not  be  imagined  more  perfect  than  it  is  ;*'  the 
order  which  *'  appears  to  ns  as  pr(>duced  by  design,"  ^  was  established 
by  natural  conditions."  *'  Nature  has  produced  a  number  of  beings 
and  contriyances  in  which  no  design  can  be  detected,  and  which  are 
frequently  more  apt  to  distvirb  than  to  promote  the  natural  order  of 
things."*  Very  little  has  yet  been  done  to  show  the  use  of  such 
*"  troublesome  and  disgusting  creatures  "  as  '^  dangerous  reptiles  and 
insects." 

It  is  a  mistake  to  suppose  that  nature  has  done  anything  in  antici- 
pation of  the  adyent  of  man,  ^  there  are  no  ends  which  nature  had  in 
yiew  to  fayour  a  priyileged  being.    Nature  is  an  end  in  itself." 

The  brain  is  in  all  animals  the  seat  and  organ  of  thought.  The 
two  are  inseparable,  and  the  brain  is  proportioned  in  size,  i^ape,  and 
structure,  to  the  magnitude  of  its  intellectual  functions.  '^  Mental 
function  is  a  peculiar  manifestation  of  yital  power,  determined  by  the 
peculiar  construction  of  cerebral  matter." 

The  peculiar  chemical  constituents  of  the  brain,  and  its  complica- 
ted structure,  account  for  the  remarkable  functions  it  performs.  It 
is  easy  to  proye  that  mind  and  brain  are  inseparable,  for  accidents  to 
the  brain  cause  a  concomitant  imperfection  of  the  mind,  and  the 
entire  remoyal  of  the  brain  leayes  the  body  aliye,  but  the  soul  is  gone. 

^'  Thought  is  a  motion  of  matter,"  and  the  brain  is  "  only  the  car- 
rier and  the  source,  or,  rather,  the  sole  cause  of  the  spirit  or  thought. 
"  The  senses  are  the  source  of  all  truth  and  all  error,  and  the  human 
mind  is  a  product  of  the  change  of  matter." 

The  souls  of  brutes  differ  from  those  of  men  in  quantity,  not  in 
quality.  The  term  ''  instinct "  is  a  misnomer,  and  all  so-^dled  in- 
stincts are  the  consequences  of  '^  deliberation,  the  result  of  comparisons 
and  conclusions."  The  transition  from  the  lower  animals  to  man  is 
imperceptible ;  the  Cretin  is  helow  the  brute,  and  the  Negro  has  all 
the  "  characteristic  peculiarities  of  the  Ape." 

Language  is  not  a  distinctiye  feature  in  Man.  The  lower  animals 
can  spes^  some  by  signs,  others  by  sounds,  whilst  there  are  whole  races 
of  men  who  are  no  better  than  animals  in  this  respect,  speaking  more  by 
signs  than  by  articulate  sounds.  Educability  is  not  peculiar  to  man  ;  it 
is  chiefly  the  difficulty  of  communication  which  preyents  animals  from 
rising  in  intelligence.  The  soul  has  no  **  personal  continuance,"  for 
thought  cannot  exist  without  brain,  and  with  the  dispersion  of  the 
"  force-endowed  materials,  and  their  entrance  into  other  combinations, 
the  effect  which  we  call  soul  must  disappear."  This  doctrine  cannot 
be  objected  to  on  the  ground  that  the  ^*  thought  of  eternal  annihilation 
is  reyolting  to  the  innermost  feelings  of  man,"  for  "  the  thought  of  an 
eternal  life  is  more  terrifying  than  the  idea  of  eternal  annihilation." 
Neither  is  there  anything  to  be  gained  by  a  continuance  of  life. 

*  We  cannot  refrain  from  quoting  here  a  sentence  of  the  author's,  from 
another  part  of  the  work  (p.  251): — ^**  Exact  science  incnloates  modesty."  This 
expression  is,  however,  used  in  the  chapter  of  **  concluding  observations,"  and 
perhaps  it  was  a  conclusion  at  which  the  author  had  not  arrived  at  so  early  a  stage 
of  his  investigations. 
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"  Perfect  truth  would  be  a  sentence  of  death  for  him  who  has  acquired 
it,  and  he  must  perish  in  apathy  and  inactivity."  The  idea  of  a 
"  Free  Will "  is  based  upon  superficial  observation  of  nature ;  if  man 
have  a  free  will,  it  is  of  the  most  limited  kind.  His  will  is  dependent 
upon  '^a  fixed  necessity,"  upon  climate;  upon  *' intellectual  indi- 
viduality'' which  prescribes  to  him  ''his  mode  of  action  with  snch 
force  that  there  remains  to  him  but  a  minute  space  for  free  choice.'* 

This  is,  we  believe,  the  gist  of  the  author's  philosophy,  and  it 
cannot  b  .^  denied  that  he  not  only  possesses  a  large  amount  of  super- 
ficial information,  but  that  here  and  there  he  has  displayed  con- 
siderable tact  in  dovetailing  it  into  his  theories.  Nevertheless,  we 
cannot  find  that  these  are  based  upon  the  revelations  of  modem 
science,  and  furthermore,  if  the  numerous  contradictions  and  incon- 
sistencies in  which  his  work  abounds,  and  of  which  examples  will  be 
given  hereafter,  and  the  confusion  of  ideas  that  may  be  found  in  almost 
every  page  may  serve  as  our  guide,  we  are  justified  in  believing  that 
the  author  is  himself  feur  from  comprehending  his  own  teaching. 

Let  us  examine  one  or  two  of  the  fundamental  principles  on  which 
his  whole  doctrine  is  based. 

All  the  "  so-called  imponderables,  such  as  light,  heat,  electricity, 
magnetism,  &c.,  are  neither  more  nor  less  than  changes  in  the  aggre- 
gate state  of  matter;"  in  other  words,  they  are  modes  of  motion; 
motion  is,  of  course,  a  force,  and  "  there  is  not  a  single  case  in  which 
force  "  "  can  be  bom  or  annihilated."  But  motion,  according  to  the 
author's  views  (in  common  with  all  force),  is  ''  immanent  in  matter ;" 
''  the  motion  of  matter  is  as  eternal  as  matter  itself,"  and  finally,  the 
laws  of  heat,  light,  &c.,  are  "  everywhere  the  same." 

Now,  if  we  liked  to  dogmatize,  we  should  be  quite  justified  in  say- 
ing that  "  empirical "  knowledge  teaches  us  that  force  is  not  immanent 
in,  but  always,  as  far  as  we  can  judge,  external  to  matter,  and  that  all 
conversions  of  force  as  well  as  changes  in  matter  are  performed  by  a 
governing  wiU,  and  guided  by  a  reflecting  reason,  notwithstanding  the 
existence  of  apparent  exceptions  to  this  rule  in  nature.  On  a  limited 
scale  human  reason  and  human  will  are  constantly  bringing  about 
more  or  less  important  changes  of  this  kind,  and  we  have  the  author's 
precedent  for  holding  that  we  have  ''not  merely  the  right  but  the 
duty,  in  accordance  with  the  laws  of  induction,  to  infer  the  unknown 
from  the  known,  and  to  maintain  that  a  universal  law  which  is  true  for 
a  portion  of  organic  phenomena  is  applicable  to  all."  * 

However,  we  will  not  be  so  ungenerous  as  to  turn  the  author's 
weapons  against  himself  and  assume  to  be  his  teacher ;  we  will  rather 
sit  meekly  at  his  feet,  and  be  attentive  listeners  and  learners.  Let  us 
hear  how  his  "  matter  "  and  its  "  immanent  forces  "  have  comported 
themselves  fr*om  eternity. 

Matter,  then,  began  its  operations  "by  the  rotary  motion  of 
specks,"  and  all  the  modifications  of  motion  which  subsequently 
ensued  are  "  merely  the  result  of  a  single  imiversal  law  of  nature — 
the  law  of  attraction,^^^     "  Why  matter  assumed  a  definite  motion  at  a 

*  r.  221.  t  r.  51. 
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definite  time,  is  as  yet  unknown  to  ns/'  but  it  is  probable  that  the 
investigations  of  science  will  give  us  a  clue  to  this  mystery.* 

It  may  be  evidence  of  great  obtuseness  on  our  part,  but  we  confess 
that  the  author  travels  too  fast  for  us,  for  we  cannot  understand  how, 
if  matter  be  eternal,  and  motion,  which  is  inseparably  united  to  it,  be 
eternal  also,  matter  can  ever  have  begun  to  move ;  and  how  it  is  that 
the  "  law  "  of  attraction  was  not  always  at  work.  According  to  the 
author's  views,  "  matter  and  force "  must  have  had  the  power  within 
themselves  to  commence  a  series  of  operations  which  have  resulted 
in  the  formation  of  the  worlds,  and  when  they  made  up  their  mind 
to  start,  they  did  so ;  but  we  should  be  sorry  to  press  even  this  mode- 
rate approach  to  a  theological  creed,  because  '^  we  should  approach  to 
pantheistic  ideas,"  which  the  author  places  in  the  some  category  with 
the  vain  fancies  of  believers  in  a  Deity,  f 

However,  granted  that  eternal  matter  with  its  immanent  eternal 
forces,  and  controlled  by  the  law  of  attraction,  did  "  begin  "  to  bestir 
itself,  what  followed  ?  The  inorganic  world  developed  itself,  and  all 
went  on  smoothly  until  it  was  necessary  for  nature's  ends  (by  the 
way,  nature  has  no  ends,  "  it  is  an  end  in  itseK" — for  the  develop- 
ment of  matter,  then)  that  organic  life  should  appear.  How  was  this 
brought  about  ?  Well,  when  the  '*  fiery  globe  "  was  cooled  down,  and 
the  vapours  had  settled  upon  the  Earth  '^  with  the  appearance  of  water, 
and  as  soon  as  the  temperature  permitted  it,  organic  life  developed 
itself." 

And  why  not  ?  "  Where  air,  heat,  and  moisture  combine,  there 
appears  sometimes  in  a  few  moments  an  innmnerable  world  of  sin- 
gularly-shaped animals,  which  we  term  infusoria.*' f  This  is  what  is 
called  *'  spontaneous  generation,"  which  "  signifies  the  production  of 
organic  beings  without  previously  existing  homogeneous  parents  or 
germs,  merely  by  the  accidental  or  necessary  concurrence  of  inorganic 
elements  and  natural  forces,"  &c.§ 

And  now  we  have  presented  to  us  evidences  not  only  of  the 
author's  candid  and  impartial  mode  of  inquiry,  but  also  of  the  pro- 
fundity of  his  research,  and  of  the  originality  of  his  views. 

"  Generaiio  ceguivoca  "  is  not  yet  quite  a  settled  question ;  Ponchet 
and  Pasteur,  Wyman,  Jolly,  Musset,  and  a  crowd  of  investigators  are 
still  actively  engaged  upon  the  inquiry,  but  sufficient  is  ascertained  to 
satisfy  the  author  that  this  kind  of  generation  "does  not  exactly 
possess  a  scientific  basis,"  and  that  "  otnne  vivum  ex  ovo  "  is  becoming 
the  order  of  the  day.  Let  not  this  crude,  unsettled  state  of  science, 
however,  afford  any  encouragement  to  believers  in  a  Deity  and  a  crea- 
tion. "  We  might  answer  these  believers,  that  the  germs  of  all  beings 
had  from  all  eternity  existed  in  universal  space,  or  in  the  chaotic 
vapours  from  which  the  Earth  was  formed ;  and  these  germs,  deposited 
upon  the  Earth,  have  there  and  then  become  developed,  according  to 
external  necessary  conditions.  The  facts  of  these  successive  organic 
generations  would  thus  be  sufficiently  explained."  || 

There,  reader,  that  ia  a  theory  founded  upon  ''  a  scientific  basis." 

♦  P.  ."33.  t  r.  87.  X  r.  Gd-.  §  V.  69.  11  T  71. 
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Some  OYer-cnrioiis  spirits  might,  perhaps,  inquire  what  could  haye 
been  going  on  in  the  **•  chaotic  yaponrs  "  to  produce  these  geims  before 
their  "  specks  "  began  to  rotate,  but  that  would  be  hypercritical,  and 
we  feel  sure  that  all  naturalists  will  be  grateful  to  Dr.  Bucfaner  for 
this  lucid  exposition  of  his  Tiews  concerning  the  origin  of  liying  organ- 
isms,  more  especially  the  advocates  of  spontaneous  generation,  the 
belieyers  in  the  creation  of  foraminifera  from  **ooze,"  and  in  the 
sponto/ieous  development  of  the  gigantic  reptiles  of  old,  from  the 
muddy  beds  of  rivers,  a  theory  which,  by  the  way,  appears  to  have 
the  author'  s  valuable  but  qualified  support.*  And  now,  organic  life 
being  once  established,  development  proceeds  actively.  It  is^  "  per- 
haps, morally  certain  tiiat  a  spontaneous  generation  exists,  and  that 
higher  forms  have  gradually  and  slowly  become  developed  from  pre- 
viously existing  lower  forms,  always  determined  by  the  state  of  the 
earth,  but  without  the  immediate  influence  of  a  higher  power."! 

Here,  too,  a  little  difficulty  presents  itself.  The  revelations  of 
science  are  certainly  tending  in  tiie  direction  here  indicated  (leaving 
out  the  question  of  the  higher  power)  ;  but  still  the  author  feels  that 
he  would  appear  ignorant  in  the  eyes  of  men  of  science  if  he  did  not 
acknowledge  that  the  question  is  not  yet  quite  decided ;  so  he  re- 
minds his  readers  that  external  influences  upon  animals  are, ''  though 
considerable,  yet  insufficient  to  change  their  specific  form."  The 
alternation  of  generations,  the  metamorphoses  of  insects,  are  evidences 
which  may  be  adduced  in  favour  of  his  theory ;  but  even  these  pheno- 
mena, although  they  represent  *^  a  real  change  of  the  species,"  are 
limited.  There  has,  however,  been  '*  one  important  and  pregnant  dis- 
covery "  which  should  suffice  to  convince  the  most  sceptical.  It  was 
made,  not  by  an  unknown  observer,  but  by  one  of  the  greatest  physio- 
logists of  the  day ;  not  by  a  sceptic,  but  by  a  '*  believer,"  and  it  was 
*'•  a  discovery  which  staggered  its  orthodox  discoverer."^  Johannes 
MiQler  discovered  ''a  generation  of  snails  in  Holothurice"  and 
"  HolothuricB  and  snails  belong  to  different  divisions  in  the  Animal 
Eongdom."  This  discovery  ''  removes  any  doubt  as  to  the  possibility 
of  a  permanent  development  of  one  species  from  a  different  one." 

This  is  the  kind  of  canards  upon  which  the  author  bases  his  views 
as  to  the  processes  by  which  nature,  as  we  now  see  it,  has,  ^  without 
the  immediate  influence  of  a  higher  power,"  caUed  itself  into  existence, 
or,  to  speak  more  correctly,  developed  itself  from  vaporous  masses ; 
and  we  shall  now  cull  from  his  book  a  few  of  his  thoughts  regarding 
the  behaviour  of  natxure  whilst  engaged  upon  its  important  task,  so 
that  we  may  be  enabled  to  judge  whether  or  not  the  intervention  of 
any  ''higher  power"  was  necessary  for  the  perfection  of  the  universe. 
But  as  our  space  is  limited,  and  our  criticisms  upon  this  contribution 
to  our  scientific  literature,  however  remarkable  it  may  be,  cannot  be 
allowed  to  extend  to  an  unreasonable  length,  we  will  at  the  same  time 
extract  a  few  of  the  author's  ideas  on  other  difficult  subjects,  and  our 
readers  will  have  an  opportunity  of  judging  how  clear  is  the  con- 
ception he  has  formed  of  them  himself,  and  what  deference  he  pays  to 
truth  and  reason. 

•  P.  77.  t  P-  72.  X  P-  80- 
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"  Empirical  natural  science,"  he  tells  ns,  ^'  has  no  other  object  than 
to  find  out  the  truth,  be  it  according  to  human  notions,  consolatory  or 
the  reverse,  beautiful  or  ugly,  logical  or  illogical,  rational  or  absurd, 
necessary  or  contingent.*' — ^Gotta.)  * 

This  statement,  with  which  the  work  closes,  may  possibly  perplex 
some  of  our  readers.  Indeed,  they  may  be  disposed  to  wonder  what 
other  "  notions  "  an  atheist,  a  man  '^  who  considers  transcendentalism 
an  aberration  of  the  human  mind,"|  can  have  of  truth,  excepting 
human  notions,  or  how  truth  can  be  truth,  if  it  be  illogical  or  absurd ; 
but  this  arises  from  their  not  fully  comprehending  the  wisdom  of  the 
acts  of  **  Natural  Science."     They  shall  now  be  enlightened. 

"  Nature  is  perfect  in  itself,  being  in  its  development  governed  by  un- 
alterable laws."  rp.  88,  Prof.  Giebel,  of  Halle.) 

"  We  find  in  the  constant  harmony  of  nature  a  sufficient  proof  in  fS&vour 
of  the  immutability  of  its  laws."  (p.  33,  Tattle.) 

As  **  Nature  does  not  act  from  a  conscious  design,  but  according  to  an 
immanent  necessary  instinct,  it  becomes  obvious  that  it  must  be  guilty  of 
many  Durposeless  absurdities."  (p.  94.) 

**  Nature  has  produced  a  number  of  beings  and  contrivances  in  which 
no  designs  can  be  detected,  and  which  are  frequently  more  apt  to  disturb 
than  to  promote  the  natural  order  of  things."  (!)  (p.  94.) 

This  will  convey  to  our  readers  some  idea  of  the  author's  *^  nature." 
Another  word  concerning  his  "  matter  and  force." 

''Matter  must  have  existed  from  eternity,  and  must  last  for  ever." 

(p.  12.) 

•*  Force  is  a  mere  property  of  matter.^  (p.  4.) 

**  There  exists  a  phrase,  repeated  ad  nauseam^  of  mortal  body  and  im- 
mortal spirit.  A  closer  exsunination  causes  us  with  more  truth  to  reverse 
the  sentence."  (p.  13  ) 

'*  Although  the  immortality  of  matter  is  now  an  established  truth,  the 
same  camiot  be  said  in  regard  to  force."  (p.  17.) 

This  seems  a  little  contradictory ;  however,  let  us  search  a  little 
further,  that  we  may  be  enlightened. 

"  No  force  can  arise  from  nothing."  (p.  2.,  Liebig.)  X 
*'  Indestructible,  imperishable,  and  immortal  as  matter,  is  also  its  imma- 
nent force.    Intimately  united  to  matter,  force  revolves  in  the  same  never- 
ending  cycle,  and  emerges  from  any  form  in  the  same  quantity  as  it 
entered."  (p.  16.) 

"No  motion  in  nature  proceeds  from,  or  passes  into,  nothing.'*  (p.  17.) 
<*  Physics  show  that,  as  there  was  a  time  when  no  organic  life  existed  on 
eartl),  so  will  the  time  arrive — no  doubt  an  infinite  and  incommensurable 
period—when  the  physical  forces  now  existing  will  bo  exhausted,  and  all 
animated  beings  plunged  into  night  and  death."  (p.  105.) 

♦P.  258.  tP.253. 

X  The  names  of  Liebig,  Helmlioltz,  ka,,  will  be  found  in  this  work,  as  observers 
from  whom  quotations  are  made  in  support  of  the  author's  views ;  but  in  justice 
to  these  great  and  honourable  men,  we  doem  it  right  to  say  that  isolated  expres- 
sions are  perverted  in  their  meaning;  just  as  dishonest  publishers  sometimes 
revenge  themselves  upon  critics,  by  snatching  fh>m  their  advene  reviews  portions 
of  sentences  apparently  laudatory. 
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Let  us  supply  or  rather  bring  down  the  coroUaiy  : — 
"  Force  is  a  mere  property  of  matter,"  and  "  indestructible,  im- 
perishable, and  immortal,  as  matter  is  also  its  immanent  force  *'  (until 
it  is  exhausted,  we  presume). 

And  how  is  the  uniyerse  governed  ? 

''  The  same  materials  and  the  same  laws  govern  the  visible  nniverse,** 
and  **  everywhere  act  in  the  same  manner  as  in  our  proximity."  (p  45.) 

'*  The  laws  according  to  which  nature  acts  and  matter  moves,  now 
destroying,  now  rebuilding,  and  tlius  producing  the  most  varied  organic 
and  inorganic  forms,  are  eternal  and  unaiterahle*'  (p.  33.) 

'*  There  exists  neither  chance  nor  miracle,  there  exist  but  phenomena 
governed  by  laws."  (p.  38,  Jouvencel.) 

*'  It  depends  on  an  accident  whether  or  not  they  (natural  objects)  will 
enter  into  existence."  (p.  90.) 

A  word  concerning  "  vital  force,"  and  voluntary  motion : — 

'*  Vital  force  cannot  be  appealed  to ;  that  is  scientifically  dead."  (p. 
xxvii.) 

**  The  motion  of  what  is  called  vital  force,  is  now  rejected  by  exact 
observation."  (p.  215.) 

"  Mental  function  is  hence  a  peculiar  manifestation  of  vital  pmoer,  deter- 
mined by  the  peculiar  construction  of  cerebral  matter."  (p.  125.) 

When  the  embryo  of  man  moves  in  the  womb ; 

*' These  motions  are  involuntary,  not  determined  by  a  mental  act.** 
(p.  159.) 

But  the  mode  in  which  '*  vibriones,  microscopical  animalcules  of  tlie 
smallest  kind,"  of  which  a  cubic  line  contains  4: ,000  millions ;  the 
mode  in  which  these  living  atoms  move,  '*  leaves  no  doubt  that  they 
possess  sensation  and  will."  (p.  24.)  (!) 

Having  shown  (as  he  believes)  that  man  has  no  "  innate  intuitions/' 
the  author  proceeds  to  argue,  that  those  who  believe  in  a  Deity  on  the 
ground  that  the  idea  is  innate,  have  no  foundation  for  their  faith,  and 
mentions  some  nations  which  are  said  not  to  have  any  conception 
of  a  God. 

He  also  adduces  as  evidence  that  the  "  Indians  in  Oregon  "  have 
for  their  highest  divinity  "the  wolf,"  which  "seems,  according  to 
their  descriptions,  to  be  a  hybrid  of  a  divinity,  and  an  animal ; "  * 
and  that, 

**  Paul  Kane  describes  the  Indian  Chinooks,  Hke  most  red  skins,  to  he 
without  distinct  religious  sentiments.  They  ascribe  everything  to  the 
Great  Spirit ;  but  this  Great  Spirit  is,  according  to  their  ideas,  a  very 
vague  being,  and  not  the  object  of  any  worship.*'  (p.  187.) 

Weighty  evidence  against  "  innate  intuitions,^*  and  **  the  Existence  of 
a  Deity"     There  is  more  of  the  same  kind  in  the  same  chapter. 

Amongst  his  authorities  for  disbelieving  in  the  immortality  of  the 
soul,  are,  "  the  celebrated  Chaumette,"  who,  during  the  French  revo- 
lution, "  erected  in  the  cemeteries  statues  representing  Sleej) ;  "  Lcssing, 
who  thought  it  must  be  a  great  "  ennui "  to  live  for  ever ;  Dauton ; 

»  P.  185. 
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the  Jews  before  the  Babylonian  exile  (how  the  race  mnst  have  degene- 
rated according  to  the  author's  views !)  ;  Shakespeare,  (!)*  Pliny, 
Homer,  Simonides,  Seneca,  Pomponatios,  Frederick  the  Great  (the 
predecessor  of  kings  who  rule  by  divine  right !)  and  '*  the  enlightened 
of  all  nations  and  times,"!  amongst  whom  the  "  dogma  of  the  immor- 
tality of  the  soul  has  ever  had  but  few  partisans/'  On  this  ground 
then,  if  on  no  other,  Messrs.  Biichner,  Tuttle,  and  Co.  may  be  added 
to  the  above  authorities,  and  included  amongst  the  "enlightened." 
But  it  appears  from  PrefSoMse  No.  lY.  that  some  of  the  author's  critics 
are  not  disposed  to  admit  him  into  this  rank  of  society,  and  that  others 
go  still  further  in  their  malignity,  and  have  attempted  to  damage  him 
in  public  opinion  by  casting  suspicions  upon  his  moral  character. 

Not  knowing  anything  of  his  private  character,  we  cannot,  of 
course,  express  an  opinion  on  so  delicate  a  matter  ;  but  we  will  allow 
the  author  to  state  his  ideas  of  morals  and  morality ;  ideas  which  we 
presume  to  be  held  by  all  of  like  professions  with  himself. 

"  Science  has  no  concern  with  morals."  (p.  Ixv.) 

'*The  person  of  the  investigator,  aud  that  of  his  moral  convictions, 
have  nougat  to  do  with  his  investigations."^  (p.  Ixv.) 

^  Annihilation,  non-existence,  is  perfect  rest,  painlessness,  freedom  from 
all  tormenting  impressions,  aud  therefore  not  to  be  feared."  (p.  20o.) 

"  Free  will,  if  it  exist,  can  only  have  a  limited  range."  (p.  239) 

"Man  is  free,  but  his  hands  are  bound;  he  cannot  cross  the  limit 
placed  by  nature."  (p.  245.) 

'*  Another  (person)  §  indines  to  conscientiousness;  he  is  just  in  all  Jits  trans- 
actions,  and  may  put  a  term  to  his  existence  if  depj-iued  of  the  possihiliiy  of 
fulfilling  his  obligatiojis^ 

Very  convenient  doctrines  these  for  persons  whose  "  cerebral 
matter  "  happens  to  be  endowed  with  propensities  to  indulge  in  vices 
which  do  not  come  within  the  pale  of  the  law,  and  who  "  act  according 
to  their  impulses  or  habits,"  as  aU  men  do,  in  the  author's  opinion  !| 
No  free  will,  and  a  kind  of  conscientiousness  which  causes  men  to  put 
an  end  to  themselves,  and  seek  the  haven  of  "  perfect  rest,"  and  "  free- 
dom from  all  tormenting  impressions,"  when  they  can't  pay  twenty 
shillings  in  the  pound. 

This  is  the  morality  of  Atheists  and  Materialists ! 

That  any  human  being  endowed  with  reasoning  faculties  and  pos- 
sessed of  a  fiftir  amount  of  information  could  have  trusted  himself  to 
give  utterance  to  such  a  tissue  of  contradictions  and  absurdities  as  are 
to  be  found  in  this  book,  and  should  attempt  to  pollute  the  scientific 
literaturo  of  his  age  with  such  trash  as  it  contains,  is  expHcablo  through 
the  views  which  he  entertains  concerning  a  Deity ;  but  whatever  can 
have  induced  an  Englishman,  aspiring  to  a  respectable  position  in 
the  scientific  world,  a  Fellow  of  the  Geological  Society,  voluntarily  to 

*  195.  **  Thy  best  of  rest  is  sleep. 

And  that  thou  oft  provok'st ;  yet  grosdy  fear'st 

Thy  death,  which  is  no  more !  ** 
t  213.  "  The  Duke;*  in  *  Measure  for  Measure: 

X  This  depends  very  much  upon  the  notions  whidi  he  luu9  concerning  truth. 
§  We  italicize  these  lines. 
ii  Quoting  Auerbach,  p.  24^. 
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git  down  and  translate  a  book  full  of  blasphemy,  to  give  bis  sympa- 
thies to  a  writer  who  sneers  at  all  that  the  mind  of  civilized  man  bis 
held  sacred,  who  perverts  scientific  truth,  and  drags  throng  the  mire 
such  honoured  names  as  Liebig,  Lyell,  Darwin,  Faradaj,  Humboldt, 
Flourens,  Schiller,  Shakespeare,  Lessing,  and  the  Scriptures,  leTying 
black  mail  upon  them  in  support  of  his  atheistical  views ;  how  he 
dares  to  print  his  name  on  the  title-page  as  the  editor,  is  quite  incom- 
prehensible to  us. 

We    cannot  but    commend   Mr.   CoUingwood's  prudence  in  of^^ 
'^  always ''  subscribing  to  the  "  alleged  &ct8  *'  contained  in  the  wor», 
and  to  the  "  inferences  drawn  from  these  &c\»"  but  we  by  no  metit 
envy  him  the  great ''  pleasure  "  which  he  experiences  in  introdncbg 
the  work  to  i^iglish  readers ;  and  whilst  we  entiiqely  disagree  F>i 
him  as  to  the  desirability  of  its  being  ''  admittea*4o  the  rollB  i 
i    English  literature,"  we  feel  sure  that  all  classes  of  sc^tific  readcn^ 
'    from  freethinkers  (in  the  more  restricted  sense  of  the  t^vn)  to  oitiio- 
dox  theologians,  wiH  pronounce  it  a  Tulgar,  blasphemou*  book,  foil 
of  absurd  contradictions,  and  presumptuous,  unscrupuloub^ssertiofi;. 
published,  with  its  numerous  pre&ces,  vdth  a  view  to  create  tmisati'jQ, 
and  the  only  persons  to  whom  it  will  give  unfeigned  satisfactic9lBtk 
small  semi-educated  sect  of  men  calling  themselves  ^'Naturalih  ' 
^'  Secularists,"  who  will  no  doubt  use  it,  as  Dr.  Btichner  has  attelK 
to  abuse  science. 
/       To  us,  the  author  appears  to  have  done  his  very  worst  for  Jbh» 
and  for  himself.     Judging  from  observation  and  experien'H  (^ 
"^  whoever  rejects  experience  rejects  human  conception''  *},  ]JK  ^ 
expect  him  at  some  future  time  to  be  a  rabid  theologian ;  on^^^^i^ 
he  had  been  an  Englishman,  would  be  found  lecturing  on  Becj 
in  some  obscure  tabernacle,  "  all  seats  free,  and  discussion  i: 
and  infusing  into  his  religious  discourses  about  as  much 
he  has  thrown  into  his  atheism. 

We  have  no  desire  to  be  severe  or  condemnatory  in  on] 
and  shall  content  ourselves  with  saying,  that  if  the  author 
and  has  undertaken  a  scientific  expedition,  it  has  been  aik^i 
tration  of  the  old  German  saying  : — 

**  Es  ging  ein  GaeDSchen  uber*B  Meer, 
Una  kam  als  Gana  auch  wieder  her." 

"  A  gosling  crossed  the  sea,  and  a  goose  it  returned." 

The  advantages  which  may  arise  from  the  publication  of  the  worl 
were  referred  to  in  our  introductory  remarks,  and  it  is  unnecessary  to 
repeat  them ;  but  the  moral  it  teaches,  is  one  of  the  wisest  that  ever  a 
wise  man  uttered,  and  we  earnestly  commend  it  to  the  consideration 
of  the  author  and  translator,  and  to  all  who  feel  disposed  to  sympa- 
thize with  their  doctrines.  It  was  Lord  Bacon  who  said,  "  A  little 
philosophy  inclineth  man's  mind  to  atheism,  but  depth  of  philosophy 
bringeth  men's  minds  to  religion." 

♦  P.  253. 
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THE  microscope: 


^  Ir  there  be  a  philosophical  instrument  before  any  other  that  has 

^*  exercised  a  beneficial  influence  upon  modem  society,  it  is  the  Micro- 

;  <  scope.     It  has  lent  an  impulse  to  the  study  of  Natural  History,  of  which 

^;  the  results  have  been  more  striking  than  any  recorded  previous  to  its 

inyention ;  and  through  its  employment,  man's  acquaintance  with  the 
1 1  laws  and  operations  of  nature  has  in  a  very  brief  period  increased  in 

^  a  degree  almost  miraculous.    It  has  taught  him  to  observe  with  greater 

»:  care ;  to  calculate  with  more  accuracy ;  has  opened  out  new  fields  for 

laa  the  exercise  of  the  mental  faculties,  raising  the  sense  of  wonder  and 

p  admiration  whilst  at  the  same  time  it  cultivated  the  reason.   To  the  aiiiist 

t  L  and  poet  it  has  offered  new  scenes  and  themes  in  Natiiro ;  and,  in  other 

itB  walks  of  life,  has  employed  thousands  of  busy  hands  and  brains.     In  its 

<^ti,  simplest  form  the  mani^acturer  carries  it  in  his  waistcoat-pocket  to  ex- 

)i]^  amine  the  texture  of  his  fabrics,  the  seedsman  to  inspect  Ins  seeds,  and 

y^  so  in  many  trades ;  whilst  the  more  complicated  instrument  has  become 

^^  ^  almost  indispensable  to  the  higher  professions — ^the  surgeon,  physician, 

^^^  and  analytical  chemist  having  recourse  almost  daily  to  its  defining 

atmalu       powers.     Indeed,  there  is  harcQy  a  home  where,  in  one  fonn  or  another, 
1^  ^^       the  magnifying  lens  is  not  to  be  found ;  scarcely  a  cultivated  family 
circle  in  which  at  least  one  member  does  not  avail  himself  of  it^  use. 

And  how  is  it  that  even  as  a  mere  means  of  recreation,  the  micro- 
scope should  have  acquired  a  position  in  the  homes  of  men  which  no 
other  instrument  has  been  able  to  command  ?  The  revelations  of  die 
Telescope  are  certainly  feir  grander,  and  the  performances  of  the  Magic- 
lantern  more  amusing ;  and  yet,  for  every  one  of  these  instruments,  we 
may  count  in  the  houses  of  the  intelligent  classes  at  least  twenty 
microscopes.  It  is  because  the  last-named  instrument  brings  us  into 
nearer  relations  with  that  mysterious  influence  which  we  call  Life — an 
influence  which  human  curiosity  has  endeavoured  from  time  imme- 
morial to  fathom,  revealing  to  our  gaze  the  hidden  springs  of  vital 
action  in  living  objects  with  which  om*  acquaintance  was  previously  but 
superficial ;  and  exhibiting  new  scenes  from  animated  nature,  whore 
we  were  before  accustomed  to  believe  only  in  the  existence  of  inor- 
ganic substances  influenced*  by  physical  forces.  For  a  long  period 
indeed,  whilst  the  possession  of  a  microscope  was  a  privilege  accorded 
It  only  to  a  few  professional  men,  and  was  often  employed  by  these  rather 

.  as  a  means  to  mystify  than  to  enlighten,  the  doings  of  the  microscopical 
Qfl  of  fcw  world  were  regarded  as  being  beyond  the  ken  of  ordinary  mortals ;  and 
xasiSffSBP}  even  within  the  last  few  months  wo  were  informed  by  a  friend,  who  had 
seflttbii^'  deputed  us  to  select  a  microscope  for  the  use  of  his  family,  that  his 
e  coosi^  gentler  half  entertained  conscientious  scruples  with  respect  to  the  ad- 
»edtosjif 


♦  *  An  Elemontnry  Text-book  of  the  Microscope  ;  including  a  Description  of 
"^  Vi^  the  MethodH  of  Preparing  and  Mounting  Objects,'  &c.  By  J.  W.  Griffith,  M.D., 
^W^'       F.L.8.,  M.B.C.P.,  conjoint  author  of  the  'Micrographic  Dictionary.'     J    Van 

Voorst. 

•  The  Preparation  and  Mounting  of  Microscopic  Objects.'    By  Thomas  Da  vies. 
B.  Hardwickc. 
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mission  of  such  an  instrument  into  her  house,  as  she  believed  it  was  not 
the  intention  of  the  Creator  that  we  should  see  the  things  it  revealed, 
or  He  would  have  enabled  us  to  do  so  with  the  naked  eye  I 

It  may  be  considered  ungallant  to  criticize  the  views  of  a  lady,  but 
we  cannot  help  saying  that  such  a  remark  exhibits  a  great  want  of  oon- 
fidenoe  in  the  Creator,  who  has  not  only  enlightened  us  by  means  of  the 
microscope  on  many  obscure  points  in  Natural  History,  instructed  us 
how  to  detect  that  adulteration  which,  like  a  false  balance,  must  be 
"  abomination  to  the  Lord,"  and  enabled  man  to  prolong  the  precious 
gift  of  life ;  but  has  taught  us  through  this  medium  that  His  relations 
are  as  intimate  with  the  minutest  objects  of  Has  creation  as  with  the 
highest;  for,  as  the  telescope  has  revealed  to  us  His  power  in  the 
distant  worlds,  so  has  the  nucroscope  proclaimed  his  goodness  in  the 
water-drop  1 

It  is  not  surprising,  then,  that  the  numerous  practical  uses  of  the 
instrtiment,  coupled  with  its  efficacy  as  a  means  of  educating  the  mind 
and  of  pleasing  some  of  our  highest  intellectual  tastes  should  have 
caused  it  to  be  regarded  with  such  great  favour,  and  should  have  led  to 
its  extended  manufacture ;  and  it  woidd  have  been  a  matter  of  astonish* 
ment,  if,  with  its  increased  fabrication  and  employment,  the  world  had 
not  been  favoured  with  numerous  works  upon  the  principles  and  mode 
of  its  construction,  and  the  methods  of  its  application.  This  has  foi-- 
lowed  as  a  matter  of  course,  and  each  season  produces  a  number  of 
works  of  more  or  less  merit,  and  tending  in  a  greater  or  lees  degree  to 
diffuse  the  love  of  microscopical  studies. 

Amongst  the  treatises  for  the  use  of  advanced  students,  the  fore- 
most in  rank  are  Dr.  Carpenter's  '  Manual,*  and  the  '  Micrographic 
Dictionary '  of  Dr.  Griffith  (the  author  of  one  of  the  works  about  to  be 
considered^  and  the  late  lamented  Professor  Henfrey.  Many  others  of 
great  merit  might  be  added ;  but  if  we  were  asked  to  recomm^id  an 
elementary  text-book  for  a  young  beginner,  or  for  the  use  of  amateurs, 
we  confess  that  we  should  have  great  difficulty  in  selecting  one  tidat 
might  fairly  be  considered  complete  in  itself. 

Even  in  the  present  incipient  stage  of  the  science,  it  would  be 
difficult  to  embrace  all  that  is  desirable  in  such  a  treatise.  A  few  hints 
as  to  the  selection  of  an  instrument,  with  an  account  of  its  chief  parts, 
and  how  they  should  be  manipulated;  directions  for  securing  and 
mounting  useful  objects  in  the  most  approved  maimer;  a  clear  de- 
scription and  systematic  classification  of  easily-attainaUe  objects  in 
the  inorganic  and  organic  realms  of  nature,  to  lead  the  young  student 
unconsciously  from  " philosophy  in  sport"  to  "science  in  earnest,'^ 
and  cause  a  pleasant  diversion  to  become  the  foundation  of  a  lifelong 
study, — these  are  the  desiderata  in  an  elementary  text-book ;  and  such, 
a  treatise,  we  believe,  has  yet  to  be  composed. 

But,  fidthough  it  is  by  no  means  perfect,  the  one  before  us,  written 
by  the  surviving  author  of  the  '  Micrographio  Dictionary,'  commends 
itself  strongly  to  our  favourable  notice.  It  bears  the  impress  of 
thoughtful  care,  extended  knowledge,  and  a  thorough  acquaintance 
vdth  the  subjects  of  which  it  treats.  Its  contents  are  scientifically 
arranged,  and  the  reader  is  made  conversant  with  the  elements  of  every 
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branch  of  Natural  History  from  which  the  Ulustrations  ore  drawn ; 
indeed,  as  &r  as  it  goes,  it  is  admirably  written,  and  we  feel  sure  that 
every  large-minded  microscopical  writer  or  observer  will  agree  with 
US,  when  we  pronounce  Dr.  Griffith's  little  work  the  best  of  the  kind 
extant  Its  chief  merit  consists  in  its  truly  educational  character, 
which  raises  it  above  many  of  those  brochures  whose  sole  object  seems 
to  be  to  afford  amusement  for  the  hour ;  but  this  feature  does  not  by 
any  means  render  it  the  less  interesting  and  attractive. 

K  we  take,  for  example,  Ohapters  III.  and  lY.,  we  find  that  the 
beginner  is  taught  by. means  of  practical  illustrations,  not  alone  the 
character  of  ^  vegetable  elements  and  tissues,"  but  of  the  organs  and 
functions  of  plants;  and  if  he  takes  care  to  seek  out  the  objects 
recommended  for  his  observation,  he  cannot  fail  to  become  acquainted 
with  the  nature  and  functions  of  leaves,  stems,  roots,  flowers  and  seeds, 
and  with  the  leading  phenomena  of  fertilization.  But  our  readers 
may  be  disposed  to  think  that,  in  order  to  instil  into  the  mind  of  the 
tyro  such  an  amount  of  general  information,  the  author  must  have 
recourse  to  technical  language,  and  must  avail  himself  of  illustrations 
difficult  of  access  to  the  student  By  no  means ;  in  all  such  matters 
the  author  has  smoothed  the  way  for  the  uninitiated,  the  burthen  of 
whose  labours  he  has  to  a  great  extent  borne  himself,  employing  the 
clearest  lauguage,  explaining  every  technicality,  and,  above  all  (and 
this  is  a  great  merit  in  the  little  work),  availing  himself,  not  of  the  old 
stock  subjects  for  illustration,  but  of  substances  well  known  to  the  least 
informed,  and  readily  procurable  by  every  one. 

Here,  for  example,  are  the  teachings  of  a  cell  from  the  pulp  of  an 
apple : — 

*  Cell-Contents. — ^In  most  eells,  especially  when  young,  a  minute, 
rounded,  colourless  body  may  be  seen,  either  in  the  middle  or  on  one  side, 
called  the  nuchits.  This  is  very  distinct  in  a  cell  of  the  pulp  of  an  apple 
(PL  1,  Fig.  2i);  and  within  this  nucleus  is  often  to  be  seen  another  smaller 
Dody,  frequently  appearing  as  a  mere  dot,  called  the  nucleolus. 

'  The  nucleus  is  imbedded  in  a  soft  substance,  which  fills  up  the  entire 
cell  (PL  1,  Fig.  20);  this  is  the  protoplasm  {it^wrosi  first,  *g\a(riuoLf  forma- 
tive substance).  As  it  is  very  transparent  it  is  readily  overlooked ;  but  it 
may  usually  be  shown  distinctly  by  adding  a  little  glycerine  to  the  edge  of 
the  cover  with  a  glass  rod,  when  it  contracts  and  separates  from  the  cell- 
walls,  as  in  the  lower  cell  of  Fig.  2.  The  protoplasm  m  some  cells  is  semi- 
solid, and  of  uniform  consistence,  while  in  others  it  is  liauid  in  the  centre, 
the  outer  portion  being  somewhat  firmer,  and  immediately  in  contact  with 
the  cell-wall.  In  the  latter  case  it  forms  an  inner  cell  to  the  cell-waH,  and 
is  called  the  primordial  utride.  The  terms  "  protoplasm  **  and  ''primordial 
utricle  **  are,  however,  used  by  some  authors  synonvmously. 

*  The  protoplasm  is  the  essential  portion  of  the  cell,  and  it  forms  or 
secretes  the  cell- wall  upon  its  outer  surface  in  the  process  of  formation  of 
the  cell,  considered  as  a  whole.  It  is  also  of  different  chemical  composi- 
tion, from  the  cell-wall  being  allied  in  this  respect  to  animal  matter.' 

Thus  simply,  and  with  the  aid  of  the  cell  from  the  pulp  of  an 
apple,  does  the  author  convey  to  his  uninformed  readers  the  chief  &cts 
in  regard  to  one  of  the  most  difficult  questions  in  vegetable  physiology ; 
and  as  he  has  drawn  upon  the  apple  for  his  illustration  in  this  instance, 

2p2 
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so  he  employs  the  commonest,  but  by  no  means  the  least  interesting 
and  attractive  objects  throughout  his  survey  of  organic  nature. 

From  the  vegetable  kingdom  we  have  the  leaf  of  a  geraniimi,  the 
starch  granules  of  cereals,  or  of  the  potato;  the  staSc  of  garden 
rhubarb,  with  its  exquisite  structures;  sections  of  deal  and  holly; 
hairs  of  London  pride;  pollen  grains  of  the  crocus,  primrose,  and 
sunflower ;  sting  of  the  nettle ;  petals,  sepals,  and  other  parts  of  the 
conmion  chickweed ;  sections  of  mustard-seed,  &c. ;  and  again,  the  best 
known  ferns,  such  as  Polypodium  and  Scolopendrum  vulgare,  the  most 
familiar  mosses,  lichens,  and  sea-weeds,  a  few  of  the  commonest 
desmids  and  diatoms.       .  .'       . 

From  the  animal  kingdom,  which  is  by  no  means  so  largely 
illustrated,  we  have  the  blood-corpuscles  of  man,  of  the  fowl,  &c. ; 
hairs  of  men  and  of  mice ;  fibres  of  flax,  silk,  and  feathers ;  scales  of 
familiar  fishes ;  heads  and  weapons  of  offence  of  too  familiar  insects ; 
cilia  from  the  gills  of  the  oyster ;  along  with  examples  of  the  most 
widely-distributed  Kotifera,  Infusoria,  and  Entozoa:  all  the  objects 
enumerated,  with  many  more  (in  all  451  figures)  being  grouped  in 
twelve  plates,  well  coloured  after  nature,  and  engraved  by  a  new  micro^ 
scopical  artist,  Mr.  W.  Bagg. 

As  we  have  already  stated,  however,  the  little  work  is  by  no  means 
perfect,  much  as  it  deserves  our  commendation.  If,  instead  of  devoting 
by  far  the  greater  portion  of  his  volume  to  the  vegetable  kingdom,  of 
attempting  to  explain  the  more  obscure  phenomena  of  magnificatioii, 
polarization,  <&c.,  the  author  had  favoured  his  readers  with  a  few  more 
original  drawings  of  the  minute  forms  and  microscopical  features  of 
animal  life,  some  of  the  most  important  of  which  are  left  quite  un^ 
represented,  whilst  those  selected  are  by  no  means  the  most  beautiful ; 
and  if  he  had  appended  a  chapter  on  crystals  and  other  inorganic 
objects,  his  work  would  have  been  greatly  benefited,  and  it  would  not 
have  been  open  to  the  objection  that  it  is  rather  a  guide  to  the  micro- 
scopical study  of  organic  nature,  than  what  it  professes  to  be,  namely, 
a  text-book  of  the  microscope  generally. 

We  leave  these  hints  with  the  able  author  in  case  a  second  editioti 
is  called  for,  as  no  doubt  it  soon  will  be,  and  meanwhile  we  recommend 
the  book  as  a  fresh,  useful  little  work,  full  of  accurate  original  deli- 
neations of  well-classified  microscopical  objects  in  organic  nature,  and 
not  as  we  sometimes  find  to  be  the  case  in  such  treatises,  a  mere  patch- 
work composed  of  the  researches  of  other  men,  and  with  (made  up  by 
the  help  of  scissors  and  paste)  a  heterogeneous  jumble  of  drawings, 
correct  or  otherwise,  not  one  tithe  of  the  objects  which  they  represent 
having  been  seen  by  the  authors  who  profess  to  describe  them. 

There  is,  however,  one  class  of  persons  to  whom  the  little  book 
will  appear  very  imperfect, — namely,  to  those  who  desire,  not  alone  to 
inspect,  but  to  prepare  and  mount  objects  for  preservation.  The 
chapter  on  this  subject  is  very  meagre ;  and  to  readers  thus  inclined 
we  have  no  hesitation  in  recommending  the  second  work  of  which  we 
give  the  title.  It  must  be  clearly  understood,  however,  that  we  have 
not  placed  them  thus  with  a  view  to  institute  a  comparison  between 
them,  inasmuch  as  Mr.  Davies's  book  is  devoted  solely  to  the  motmt- 
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iug  of  microBcopioal  objects  and  makes  no  pretension  to  scientifio 
knowledge  beyond  what  is  immediately  necessary  for  that  purpose. 

It  is  an  unassuming  little  brochure,  without  illustrations  and  by 
no  means  attractive  in  appearance,  but  is  composed  by  an  author  who 
appears  as  modest  as  he  is  enthusiastic,  and  contains,  besides  his  own 
experiences  in  preparing  and  mounting  objects,  the  most  approved 
methods  of  many  of  our  most  eminent  microscopists,  of  Dr.  Beale, 
Dr.  Golding  Bird,  Dr.  Carpenter,  Mr.  Bylands,  Mr.  Hepworth,  &c. ;  and 
it  instructs  the  student,  not  only  as  to  the  best  method  of  mounting 
objects,  but  how  to  seleict  those  which  are  the  best  suited  for  permanent 
preservation.  It  wants  a  table  of  contents,  and  would  suffer  nothing  if 
the  head-lines  of  the  pages  were  a  little  more  explicit,  instead  of  being, 
as  at  present,  a  mere  repetition  of  the  title  of  the  work  from  beginning 
to  end. 

We  offer  no  apology  to  our  readers  for  having  occupied  so  much  of 
their  attention  with  an  account  of  these  two  little  works,  for  they 
represent  what  is  becoming  one  of  the  most  important  intellectual 
pursuits  of  our  middle  and  upper  classes,  and  is  happily  supplanting 
in  the  lives  of  the  growing  youth  of  our  day  many  frivolous  and  mis- 
chievous practices.  Hundreds  there  are,  both  young  and  old,  who  would 
like  to  follow  some  intellectual  employment  during  their  leisure  hours, 
if  they  but  knew  which  to  select  and  how  to  proceed ;  to  such,  then, 
we  would  recommend  a  good  microscope,  and  its  employment  under 
the  guidance  of  the  two  little  works  of  which  we  have  here  endea- 
voured to  give  an  unprejudiced  account 


THE  OPHTHALMOSCOPE   AND   OPHTHALMOSCOPIC 

PHOTOGKAPHY.* 

In  the  former  part  of  this  number  of  the  '  Journal  of  Science,'  we  have 
given  a  sketch  of  the  history  and  uses  of  the  Ophthalmoscope,  the 
practical  application  of  which  the  two  publications  whose  titles  are 
named  at  the  foot  are  intended  to  forward.  Mr.  Hogg  enters  folly 
upon  the  principles  upon  which  the  instrument  is  formed,  the  best 
method  of  using  it,  and  points  out  the  changes  in  the  fundus  of  the 
eye  which  are  discovered  by  it. 

From  his  previous  writings  on  the  microscope,  and  his  familiarity 
with  the  laws  of  optics,  the  author  was  well  qualified  to  appreciate  the 
importance  of  the  ophthalmoscope  ;  as  he  was  one  of  the  first  to  direct 
the  attention  of  the  medical  profession  to  the  subject,  so  he  has  been 
one  of  the  most  diligent  students  in  this  country  in  its  application. 
The  first  edition  of  this  book  in  1858  was  a  small,  unpretending 

*  *  A  Manual  of  Opbthalmoflcopic  Surgeiy :  being  a  Practical  Treatise  on  tlie 
Use  of  the  OphthalmoHOope  in  Diseases  of  the  Eye.'  By  Jabez  Hogg.  3rd  edition, 
.re-written  and  enlarged.    Sro.    Churchill  &  Sohb. 

'  A  New  Ophthalmoflcope  for  Photographing  the  Posterior  Internal  Surface  of 
the  Living  Eye,  with  an  Outline  of  the  Tiieory  uf  the  Ordinary  Opthalmoscope. 
By  A.  M.  Rosebrugh,  M.D. 
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Yolnme,  while  this  last  edition  has  not  onlj  expanded  into  a  goodljr 
octavo  volume,  but  the  contents  have  increased  in  value,  as  the  subject 
has  adyanced  in  importance.  Those  who  are  interested  in  the  matter 
merely  as  one  of  science,  cannot  do  better  than  consult  Mr.  Hogg's 
book,  as  they  will  find  in  it  all  that  they  need  ;  while  those  professional 
men  who  desire  to  use  the  instrument  and  become  qualified  to  esti- 
mate its  value,  will  do  well  carefully  to  study  its  contents ;  for,  as 
it  is  one  of  the  latest,  so  it  is  one  of  the  most  complete,  publications 
in  the  English  language  on  the  subject.  Its  illusteations,  woodcuts, 
and  coloured  lithographs  of  the  interior  of  the  eye  in  health  and  dis- 
ease cannot  fail  to  be  of  considerable  use  to  the  beginner.  These 
coloured  views  are  not  only  more  numerous,  but  also  better  executed 
than  those  in  the  first  edition  of  the  work ;  still  we  would  call  the 
author^s  attention  to  the  magnificent  illustrations  recently  published 
by  Liebreich  in  the  *  Atlas  d'Ophthalmoscopie,'  which  as  works  of  art 
have  never  been  exceeded  in  beauty  of  execution,  as  well  worthy  of 
rivalry,  when  another  edition  of  his  book  is  called  for.  We  well 
know  dbie  difficulty  and  cost  attendant  upon  the  illustrations  of  such  a 
character,  but  we  cannot  doubt  that  artists  in  England  may  be  found 
who  are  equal  to  the  task,  and  the  extra  outlay  would  be  well  repaid 
by  tlie  greatly-increased  value  of  pictures  which  shall  equal  in  deli- 
cacy and  beauty  the  original  structures  which  they  represent. 

The  pamphlet  by  Dr.  Bosebrugh  is  a  reprint,  from  a  Canadian 
Journal,  of  a  paper  read  by  him  in  January  last  before  the  Oanadian 
Institute,  in  which  he  describes  a  new  ophthalmoscope  he  has  lately 
invented  for  obtaining  a  photograph  **  of  the  posterior  internal  surface 
of  the  living  eye."  It  would  be  very  difficult  to  convey  a  clear  idea 
of  the  apparatus  without  diagrams.  It,  however,  essentially  consists 
of  a  modified  ordinary  photographing  camera,  in  which  the  tubes  and 
lenses  are  so  arranged,  that  near  their  juncture  is  placed  a  polished 
plate  of  glass,  with  parallel  surfaces,  inclined  at  sudi  an  angle  to  the 
tubes  that  a  part  of  the  light  entering  by  the  illuminating  tube  is  re- 
flected, at  right  angles  to  its  original  direction,  into  the  £lated  pupil 
of  an  eye,  from  which  it  is  again  reflected  upon  the  back  of  the  camera, 
when,  instead  of  the  image  being  received  upon  an  ordinary  ground- 
glass  screen  of  a  camera,  it  falls  upon  a  properly  sensitized  collodion 
glass,  upon  which,  by  about  five  seconds'  exposure,  a  negative  picture  is 
impressed.  This  negative  is  then  used  in  the  ordinary  way  for  print- 
ing the  positive  photographs. 

Though  Dr.  Bosel^rugh  does  not  yet  appear  to  have  succeeded  in 
photographing  the  human  eye,  he  states  that  he  has  obtained  an  im- 
pression of  the  eye  of  a  oat,  while  the  animal  was  under  the  influence 
of  chloroform,  which  condition,  however,  he  hardly  thinks  necessary, 
seeing  that  its  impression  can  be  obtained  in  so  short  a  space  of 
time. 

We  welcome  with  much  pleasure  this  ingenious  attempt  to  still 
further  extend  the  important  applications  of  light  paintings  which  of 
late  have  received  so  many  new  extensions ;  we  can  hardly  conceive  of 
any  that  can  be  more  valuable  than  this  suggestion,  for  not  only  are 
the  structui*es  so  minute  and  so  delicate,  but  so  varied  and  so  nu- 
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merons,  that  it  is  most  difficult  even  for  the  fnllj  initiated  to  clearly 
define  them,  bo  as  to  make  them  clear  to  a  bystander.  Hence  there  is 
little  wonder  that  a  non-professional  artist  who  knows  not  what  he  is 
to  see,  should  be  puzzled  to  make  them  out,  and  still  more  so  to  depict 
them.  Of  this,  every  writer,  Mr.  Hogg  amongst  the  number,  com- 
plains, and  all  find  it  most  difficult  and  costly,  sometimes  almost  im- 
possible, to  obtain  truthful  representations  of  those  numerous  changes 
in  the  eye,  which  the  pathologist  is  so  anxious  to  secure.  Should 
hereafter  photography  be  capable,  as  we  now  incline  to  hope  it  may  be 
(it  has  already  been  most  usefully  applied  in  depicting  accurately  and 
cheaply  external  changes  and  diseases),  at  no  very  distant  time,  of  illus- 
trating the  hitherto  hidden  recesses  of  the  human  eye,  it  will  supply  a 
desideratum  of  no  ordinaiy  importance ;  for  an  absolutely  correct  pic- 
ture of  the  living  eye  in  health  and  disease  will  then  be  within  the 
easy  reach  of  every  student  of  medicine,  and  thus  one  great  cause  of 
ignorance  will  be  removed.  While,  therefore.  Dr.  Eoseburgh  cannot 
as  yet  lay  claim  to  complete  success,  he  deserves  credit  for  the  advance 
which  he  has  made  on  ike  road  to  it. 


ELEMENTARY  CHEMISTBY.^ 


Db.  Apjohn,  Professor  of  Chemistry  in  the  University  of  Dublin,  has 
recently  added  another  to  an  already  numerous  class,  the  Manuals  of 
Chemistry  for  beginners.  It  is  said  that  few  preachers  close  their 
useful  careers  without,  at  some  time  or  other,  publishing  a  sermon  or 
volume  of  sermons.  A  like  result  appears  to  occur  under  similar 
circumstances  with  another  class  of  men.  Most  of  those  who  have 
to  deliver  at  stated  intervals  a  course  of  elementary  scientific  lectures, 
in  which,  owing  to  the  quickly-changing  audience,  there  is  not  scope 
for  much  extension  or  variety,  feel  tempted  to  conmiit  to  print  their 
&vourite  explanations  and  demonstrations,  and  not  a  few  yield  to  the 
temptation. 

As  might  be  expected,  the  little  books  developed  under  these  con- 
ditions bear  a  strong  resemblance  one  to  another.  Dr.  Apjohn's 
manual  is  a  fidr  specimen  of  this  class,  not  among  the  worst,  but,  we 
must  in  honesty  add,  not  among  the  best. 

We  prefer,  therefore,  to  ofier  a  few  general  remarks  upon  elementary 
works  in  chemistry,  using  that  of  Dr.  Apjohn  by  way  of  illustration, 
rather  than  to  attempt  a  detailed  criticism  of  a  not  very  characteristic 
performance.  In  one  respect,  however,  Dr.  Apjohn  has  departed  from 
tile  established  usage ;  we  mean,  in  the  limitation  of  his  subject-matter. 
He  leaves  the  vast  topic  of  organic  chemistiy  untouched,  excepting 
that  he  gives  a  brief  account  of  a  few  of  the  simplest  and  most  com- 
monly occurring  combinations  of  carbon,  such  as  oxalic  acid  and 

*  *  MaDual  of  the  Metalloids.'  By  James  Apjohn,  M.D.,  F.R.S.,  M.R.I.A., 
Professor  of  Chemistry  in  the  University  of  Dublin.  (One  of  Galbraith  and 
Haugliton  s  *  Scientific  Manuals.')    Longmans. 
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cyanogen.  And  here  he  appears  to  ns  to  follow  exactly  Uie  right 
course.  But  we  do  not  understand  why  he  luus  preferred  to  treat  only 
of  the  metalloids  in  a  work  "  intended  as  a  handbook  in  Chemistry  f<»r 
students  in  Medicine  and  Engineering."  Any  group  of  elements,  no 
doubt,  may  furnish  ample  material  for  a  volume  addressed  to  scientific 
readers ;  but  what  a  bq^inner  in  chemistry  needs  is  a  sketch,  however 
slight,  of  the  whole  subject ;  and  it  seems  better  that  this  should  be 
presented  to  him  in  a  continuous  form  than  in  a  manual  of  the  metal- 
loids, and,  if  such  a  work  is  to  follow,  a  manual  of  the  metals. 

A  difficulty  attendant  upon  the  first  steps  taken  in  any  science,  is 
that  of  remembering  or  feeling  an  interest  in  the  facts  before  acquir- 
ing some  notion  of  the  general  principles  under  which  they  have  been 
arranged,  and  on  the  otiier  hand,  of  understanding  the  general  prin- 
ciples without  a  knowledge  of  the  facts.  In  chemistry,  at  any  rate, 
there  need  be  no  hesitation  as  to  the  alternative  a  beginner  ought  to 
adopt.  Dr.  Apjohn  has  followed  the  usual  practice  in  prefacing  his 
detailed  account  of  particular  substances  with  an  introduction,  in  which 
he  deals  with  the  laws  of  chemical  combination,  atomic  weights,  the 
classification  of  the  elements,  &c.  We  venture  to  think  this  practice 
inexpedient.  Every  teacher  of  chemistry  must  have  had  occasion  to 
observe  the  bewilderment  of  a  beginner,  who  attempts  to  read  a 
manual  in  which  this  order  has  been  followed.  A  curious  compro- 
mise is  adopted  in  the  useful  volume  on  chemistry,  written  by  the 
late  Professor  Wilson  for  Chambers's  Educational  Course.  The  first 
fifteen,  pages  are  occupied  by  an  excellent  account  of  the  method  of 
chemistry,  and  its  relation  to  other  sciences.  Then  follow  fifty  pages 
of  theoretical  explanations,  also  good,  but  to  a  beginner  probably  un- 
intelligible. In  the  preface,  the  reader  is  advised  to  sUp  these  fifty 
pages,  and  pass  on  to  the  account  of  oxygen  and  hydrogen.  The  plim 
of  first  communicating  some  of  the  facts  of  chemistry,  and  then  at- 
tempting their  explanation,  was  adopted  by  Fownes,  and  is  followed 
also  by  Dr.  Bemays,  in  his  *  First  Lines  in  Chemistry.'  We  cannot 
express  too  strongly  our  conviction,  that  in  teaching  natural  science, 
the  historical  method  should  be  followed  as  fu:  as  possible.  The 
order  of  discovery,  and  of  the  development  of  scientific  ideas,  is 
obviously  not  fortuitous,  but  depends  upon  a  natural  connection  be- 
tween one  substance,  or  one  mode  of  thought,  and  another ;  and  it  is  in 
this  order  that  each  learner  will  best  advance  from  facts  and  ideas 
which  he  has  already  gained  to  others  which  to  him  are  new. 

One  difficult  problem  which  the  authors  of  scientific  compendiums 
have  to  solve,  is  that  of  taking  a  comprehensive  view  of  a  large 
subject,  and  using  the  detail  necessary  for  clearness,  within  the 
limits  of  a  manual.  They  ought  therefore  to  be  jealous  of  admitting 
to  their  pages  any  matter,  however  useful,  which  will  not  directly 
serve  the  purpose  of  conveying  to  beginners  a  knowledge  of  the 
science.  Too  often  the  science  lies  buried  beneath  a  mass  of  useful 
information.  The  process  of  purging  itself  of  its  applications  is, 
we  suppose,  one  that  every  science  must  go  through  at  a  certain  stage 
of  its  development.  Each  kind  of  knowledge,  before  it  has  become 
extensive,  and  before  it  has  imposing  gcneinilizations  to  show,  is  valued 
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for  its  uses  and  not  yet  for  its  own  sake.  At  a  later  stage,  when,  the 
science  is  an  object  of  interest  independently  of  its  applications,  some 
account  of  these  is  not  unnaturally  mixed  up  with  its  teaching,  being 
introduced  partly  for  the  sake  of  illustration,  partly  to  exhibit  its 
practical  importance.  For  example,  the  books  of  arithmetic  now  in 
common  use,  and,  we  believe,  still  more  those  of  an  earlier  date,  give 
'^  rules  "  for  the  performance  of  various  commercial  calculations,  which 
it  is  no  doubt  well  to  teach  to  those  who  will  have  occasion  to  use 
them,  but  which  should  be  dissevered  from  the  systematic  study  of  the 
science  of  number. 

We  observe  to  a  much  greater  degree  a  similar  medley  of  science 
and  its  applications  in  works  on  Chemistry.  We  will  borrow  from 
Dr.  Apjohn's  manual  a  few  examples  of  the  kind  of  useful  information 
which  appears  to  us  out  of  place  in  a  scientific  treatise.  Under  the 
head  ''  Phosphorus  "  (p.  889),  we  find  an  account  of  the  manufacture 
of  lucifer  matches ;  under  carbonic  acid,  a  discussion  on  ventilation, 
and  an  account  of  the  preparation  of  aerated  drinks  (pp.  491-493). 
No  less  than  three-and-twenty  pages  are  devoted  to  the  manu&cture, 
purification,  and  illuminating  power  of  coal-gas.  The  following  ex- 
tract from  the  chapter  on  Carbon  will  serve  well  to  convey  our 
meaning : — 

"  The  diamond  is  valuable  for  cutting  glass,  and  its  powder  is  much 
used  for  cutting  and  polishing  the  diamond  itself,  and  the  harder 
gems.  It  is,  however,  principcJly  employed  as  an  ornament  for  the 
person ;  and  is  worked  by  the  lapidary  into  forms  whi'^h  have  received 
respectively  the  names  of  the  rose  and  hrilUani.  The  rose  is  fiat 
below,  and  is  cut  above  so  as  to  exhibit  24  facets.  The  form  of 
the  brilliant  is  the  same ;  but  it  is  domed  below  as  well  as  above,  and 
is  similarly  cut  on  the  two  surfaces.  When  cut  and  polished,  a 
diamond  weighing  one  carat  is  valued  at  8Z.,  and  its  price  augments 
as  ths  square  of  its  weight,  until  this  latter  reaches  20  carats  ;  above 
this  weight  its  price  rises  in  a  much  quicker  ratio." 

It  may  be  useful  to  know  these  facts,  but  assuredly  they  have  very 
little  to  do  with  chemistry.  Descriptions  of  the  mode  of  preparing 
substances  on  a  large  scale,  and  tables  for  ascertaining  the  strength  of 
an  acid  from  its  specific  gravity,  might  also  be  excluded ;  the  former, 
because  they  illustrate  no  chemical  principle  which  an  experiment  on 
the  small  scale  does  not  better  illustrate ;  the  latter,  because  though 
invaluable  in  a  work  of  reference  for  laboratory  use,  they  are  not 
adapted  to  be  read  through  or  remembered. 

The  language  of  chemistry  presents  grave  difficulties  to  those  who 
are  commencing  the  study,  not  only  because  of  its  lengthy  and  often 
barbarous  character,  but  because  of  its  ambiguity,  one  substance 
having  frequently  a  number  of  names.  This  want  of  uniformity 
appears  to  be  a  necessary  consequence' of  the  rapid  progress  of  the 
science.  New  ideas  require  new  words,  and  until  they  have  met  with 
general  acceptance  or  rejection,  the  new  and  the  old  words  are  in  use 
together.  All  that  a  writer  can  attempt  is  to  make  as  consistent  a 
selection  as  possible,  balancing  the  claims,  often  opposed,  of  scientific 
accuracy  and  of  usage.  Even  if  usage  could  be  summarily  disregarded, 


564  Beview$.  [Jnlfy 

whicli  is  least  of  all  possible  in  a  text-book,  a  selection  on  scientific 
grounds  is  no  easy  matter.  There  are,  for  example,  advantages  in  a 
name  which  involves  no  hypothesis,  such  as  caustic  potash,  prussic 
acid,  aniline  ;  and  there  are  advantages  in  a  name  which  snggests  to 
a  chemist  the  generally  received  formula  of  the  substance,  such  as 
hydrate  of  pol^ium,  hydrocyanic  acid,  phenylamine.  As  chemical 
knowledge  advances,  bodies  of  more  and  more  complex  constitution, 
that  is,  containing  in  one  molecule  a  greater  number  of  atoms  and 
susceptible  of  a  greater  variety  of  decompositions,  are  separated  out 
from  natm*ai  products  and  investigated,  or  are  built  up  by.  the  now 
systematic  processes  of  chemical  synthesis.  These  bodies  we  represent 
by  formulsB,  which  indicate  the  number  and  kind  of  atoms  composing 
their  molecules,  and  suggest  as  far  as  possible  their  modes  of  formation 
and  decomposition.  Chemists  have  striven  to  make  the  language 
of  chemistry  keep  pace  with  this  increase  in  their  knowledge  and  in 
the  complexity  of  their  formulce.  Probably  the  attempt  must  be  given 
up.  It  is  impossible  to  compress  into  a  name  facts  which  a  formula 
may  convey,  but  which  require  sentences  for  their  verbal  expression. 
As  a  consequence  of  this  attempt,  chemical  names  have  become 
sentences,  and  it  is  oflien  shorter  as  well  as  clearer  to  write  down  the 
formula  of  a  substance  than  to  call  it  by  its  name.  In  the  future  no- 
menclature of  chemistry  we.  conceive  tibat  the  formula  of  a  substance 
will  be  its  name,  and  that  we  shall  no  more  expect  to  have  a  word 
corresponding  to  every  formula  than  to  have  a  name  for  every  algebraic 
expression.  These  considerations,  however,  apply  chiefly  to  organic 
chemistry.  Where  the  formulce  of  substances  are  simple,  the  interval 
is  greater,  so  to  say,  between  one  substance  and  another,  and  it  has 
not  been  difficult  to  apply  to  each  a  characteristic  name  composed  of  a 
moderate  number  of  syllables.  Almost  the  only  innovation  sanctioned 
by  Dr.  Apjohn  is  the  use  of  the  names  carbonate  of  sodium,  &c.,  in- 
stead of  carbonate  of  soda,  &c.  It  is  to  be  hoped  that  this  change  by 
which  the  names  of  salts  become  uniform  and  free  from  theory  may 
soon  meet  with  general  adoption.  The  old  terms  *oil  of  vitriol,' 
'muriatic  acid,'  *barytes,'  * strontites,*  *barytic  water,'  'water  of 
ammonia,'  and  others,  to  which  Dr.  Apjohn  adheres,  appear  to  us  to 
have  been  deservedly  superseded.  D^.  Apjohn  must  pardon  us  for 
venturing  one  or  two  verbal  criticisms.  The  name  metaphosphoric 
acid  does  not  mean  '  phosphoric  acid  associated  with  something  else 
(water),'  p.  396,  but  changed,  or — ^to  illustrate  this  use  of  the  pre- 
position— ^metamorphosed,  phosphoric  acid.  '  Hexangular '  is  a  bad 
substitute  for  hexagonal,  and  such  expressions  as  'per  saltnm'  and 
*  quam  proxim^ '  have  no  advantage  over  their  English  equivalents. 

Graver  objections  attach  in  our  opinion  to  expressions  of  another 
class  still  much  in  vogue  among  chemists.  We  mean  the  phrases,  for 
they  are  nothing  more,  which  represent  as  the  cause  of  a  phenomenon 
some  hypothetical  force  or  law,  whose  existence  is  merely  an  infers 
ence — and,  as  we  think,  an  unmeaning,  tmscientific  inference — from 
the  phenomenon  itself.  We  still  recognize  under  different  guises  the 
funous  explanation  of  Moliere's  physician.  ''Why,"  it  was  asked, 
"  does  opium  send  a  man  to  sleep  ?  "    "  Because,"  answered  the  sage, "  it 
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possesses  a  soporific  virtue."  In  confirmation  of  tliis  remark  we  will 
make  a  few  extracts  from  Dr.  Apjokn^s  pages.  When  describing  the 
process  of  filling  a  balloon  with  dry  hydrogen,  he  says,  *'  The  oil  of 
▼itiiol  and  potash,  in  consequence  of  their  great  affinity  for  moisture, 
dry  the  gas  in  its  passage  to  the  balloon,  and  at  the  same  time  slightly 
augment  its  levity."  (p.  135.)  That  oil  of  yitriol  and  potash  absorb 
moisture  when  exposed  to  the  air,  and  that  heat  is  developed  when 
they  are  mixed  witn  water,  are  facts.  We  pass  beyond  our  kaowledge 
when  we  infer  from  these  facts  the  existence  of  a  cause,  resident  in 
ihese  bodies,  which  we  call  their  affinity  for  water.  And  when  we 
proceed  to  speak  of  this  supposed  force  as  accounting  for  the  ab- 
sorption of  moisture  or  the  development  of  heat,  we  are  simply 
deluding  ourselves  with  words. 

The  same  remarks  will  apply,  miUaJti$  mutandis,  to  other  similar 
passages.  "Sulphur  and  iron  filings,  when  mixed  and  moistened 
with  water,  have  a  strong  affinity  for  oxygen.  If,  therefore,  such 
a  mixture  be  placed  in  a  light  capsule  floating  on  water,  and  that  a 
bell-shaped  or  oylindric  jar  bo  inverted  over  it,  the  oxygen  of  the  air 
is  gradually  absorbed,  and  the  residual  gas  is  nitrogen.'*  (p.  170.) 

And  again,  with  reference  to  the  supposed  isolation  of  fluorine  by 
the  action  of  chlorine  gas  on  fluoride  of  silver,  Dr.  Apjohn  says  : — 

"  Such  an  experiment  could  not  be  made  with  any  prospect  of  suc- 
cess in  glass  or  even  in  a  platinum  vessel ;  for  though  the  fluorine 
was  set  free,  such  is  the  energy  of  its  affinities  that  it  would  at  once 
enter  into  combination  by  acting  on  the  materials  of  which  the  appa- 
ratus was  composed."  (p.  878.) 

li  we  may  put  confidence  in  Eammerer^s  results,  ^  the  energy  of 
its  affinities  "  does  not  produce  this  effect.  A  single  line  will  furnish 
us  with  one  more  example  :  "  Phosphorus  is  a  very  inflammable  sub- 
stance, the  result  of  its  strong  affinity  for  oxygen."  (p.  888.) 

We  will  quote,  lastly,  from  Dr.  Apjohn*s  introduction,  his  general 
account  of  Uie  theory  of  chemical  affinity.  It  is  a  clear  statement 
of  the  common  doctrine  on  the  subject. 

^  We  come  now  to  the  consideration  of  affinity,  the  force  in  virtue 
of  which  two  or  more  simple  atoms  combine  so  as  to  form  a  compound 
atom.  It  is  to  the  chemist  the  most  important  of  the  forces  active  in 
nature ;  for  to  it  he  refers  the  numberless  combinations  and  decompo- 
sitions of  which  bodies  are  susceptible." 

Now,  there  is  no  point,  in  our  opinion,  which  it  is  more  important 
to  set  plainly  before  a  student,  than  the  fact  that,  as  to  the  cause  of 
chemical  change — the  forces,  if  there  be  forces,  which  move  the 
atoms,  if  there  be  atoms — we  know  nothing  at  all.  Science  has  to  do 
with  motion,  with  changes,  with  relations,  but  not  with  force.  Pro- 
bably, if  the  term  "  affinity  "  could  be  got  rid  of  altogether,  it  would  be 
a  gain  to  chemistry ;  but  at  least  it  should  be  used  only,  as  ^  vital 
force'*  is  still  sometimes  used,  under  protest,  as  a  name  for  the 
unknown  cause  or  causes  of  chemical  action. 

But  it  is  not  only  in  the  philosophy  of  chemistry  that  this  negli- 
gence in  distinguishing  between  fact  and  hypothesis  is  obseiTable.    In 
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giving  a  systematic  account  of  the  combinations  of  the  elements,  it 
might  be  thought  an  important  part  of  the  duties  of  the  writer  to  dis- 
criminate clearly  between  those  substances  that  have  been  separated  and 
analyzed,  those  whose  existence  is  rendered  probable  either  by  experi* 
mental  evidence,  falling  short  of  demonstration,  or  by  considerations 
of  analogy,  and  those  in  favour  of  whose  existence  there  is  no  presump- 
tion whatever.  The  reader  of  most  elementary  works  on  chemistry 
will  look  in  vain  for  this  distinction.  He  is  presented  with  the  names 
and  formulfe  of  a  host  of  imaginary  substances,  many  of  which  are  so 
entirely  with,  ut  analogues  that  no  chemist  would  dream  of  attempting 
their  preparation.  Dr.  Apjohn  gives  three  lists,  and  similar  lists  may 
be  found  in  most  chemical  text-books,  of  the  oxides  of  Sulphur, 
Phosphorus,  and  Carbon.  The  iirst  list  consists  of  seven  oxides,  the 
second  of  four,  the  third  of  six.  Chemists  are  actually  acquainted 
with  two  oxides  of  Sulphur,  two,  or  perhaps  three,  oxides  of  Phos- 
phorus, and  two  oxides  of  Carbom  Of  the  remaining  oxides  it  is  said 
that  they  «  e^st  only  in  combiBation."  This  is  one  of  those  treacherous 
phrases  of  which  chemistry  were  well  rid.  In  this  sense  all  bodies 
exist  whose  formulee  can  be  made  by  combining  the  symbols  which 
compose  the  formula  of  an  actually  existing  body.  For  example,  the 
well-known  salt  hyposulphite  of  sodium  has  the  constitution  expressed, 
on  the  old  notation,  by  tiie  formula  Na  BHy.  Hence,  on  this  principle, 
we  may  infer  the  existence  of  substances  having  the  following  for- 
mula :-Na  S,  NaS«,  NaO,  Na  O*,  Na  O",  SO,  SO,,  S0»,  8*0,  S'C, 
S'O',  Na  SO,  Na  SO^  Na  SO.,  Na  S*0,  Na  S^O" ;  of  these  substances 
those  whose  formulse  are  printed  in  italics  ^  exist  only  in  combination.'* 
The  reason  why  the  formula  of  one  of  these  imaginary  bodies  figures 
as  that  of  "  a  known  oxide  of  sulphur "  (p.  256),  is  the  traditional 
acceptance  of  the  dualistic  hypothesis,  according  to  which  every  salt 
containing  oxygen  consists  of  a  metallic  oxide  and  an  acid  anhydride. 
Now  we  are  fax  from  saying  that  this  oxide  of  sulphur  may  not  here- 
after be  made,  or  that  there  is  no  argument  from  analogy  in  support 
of  this  anticipation.  Only  the  same  may  be  said  of  nearly  every  one 
of  the  hypothetical  bodies  whose  formulsB  we  have  written  down.  The 
discovery  of  the  teroxide  of  sodium,  of  the  protoxide  and  suboxide  of 
sulphur,  of  the  sodium  salts  intermediate  between  the  sulphide  and 
sulphite,  appears  at  least  as  probable.  These  indications  of  what  we 
may  hope  to  realize,  drawn  from  the  analogy  of  existing  compounds, 
are  the  clue  which  must  guide  the  chemical  investigator  ;  but  to  set 
before  a  beginner  the  names  and  formulie  of  certain  substances  selected 
on  a  particular  hypothesis, — one  out  of  many  that  have  been  formed, — 
from  among  hundreds  of  others,  equally  possible,  equally  unknown,  is 
a  course  in  the  highest  degree  arbitrary  and  mislea£ng. 

We  wish  to  repeat,  in  conclusion,  that  our  object  has  been  to  call 
attention  to  various  points  in  which,  as  we  venture  to  thiok,  the  tra- 
ditional teaching  of  chemistry  is  in  fault.  We  have  thus  been  led  to 
notice  chiefly  those  parts  of  Dr.  Apjohn's  manual  which  illustrate  the 
objections  we  have  advanced,  and  have  left  without  comment,  as  beside 
our  purpose,  the  large  amount  of  well-arranged  infoimation  which  it 
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contains.  But  while  we  readily  share  the  modest  hope  which  Dr. 
Apjohn  expresses,  that  his  manual  will  materially  assist  his  chemical 
pupils  in  the  University  of  Dublin,  we  must  express  our  opinion  that 
a  text-book  of  chemistry,  such  as  we  would  desire  to  see  in  the  hands 
of  every  beginner,  has  yet  to  be  written. 


BOTANIST'S  GUIDES.* 


Db.  Diosdb  having  been  for  some  years  resident  in  Belfast  as  Professor 
of  Botany  and  Natural  History  in  Queen's  College,  has  examined  the 
Flora  of  the  northern  part  of  Ireland,  and  the  result  is  given  in  the 
^rst-named  publication  now  before  us. 

Like  all  the  works  of  the  same  author,  it  displays  accurate  observation 
combined  with  a  thorough  knowledge  of  species.  The  district  em- 
braced in  the  '  Flora*  lies  to  the  north  of  tiie  fifty-fourth  parallel  uf 
latitude,  and  extends  due  west  from  Dundalk.  It  includes  the  whole  of 
Ulster  (except  the  most  southern  portions  of  Monaghan  and  Cavan), 
and  the  northern  portions  of  Leitrim,  Sligo,  and  Mayo,  belonging  to 
Connaught.  As  to  the  general  geological  features  of  the  district,  it  is 
stated  ihat  Silurian  formations  occur  in  the  South-east,  Metamorphic 
and  Granitic  rocks  in  the  North  and  North-west,  Carboniferous  Lime- 
stone in  the  South-west,  and  Devonian  rocks  in  part  of  the  interior. 
In  the  East  there  is  an  extensive  mass  of  basalt  and  chalk ;  greensand 
and  oolite  are  here  and  there  exposed.  The  extreme  highest  points 
are ; — in  county  Down,  Sleeve  Donard,  2,796  feet ;  in  Donegal,  Muekish 
and  Engal,  respectively,  2,190  and  2,400  feet ;  in  Mayo,  Nephin, 
2,646  feet.  Surrounded  as  Ireland  is  by  the  Atlantic,  and  its  northern 
parts  so  indented  that  arms  of  the  ocean  extend  considerably  inland, 
as  might  be  inferred,  the  climate  of  even  the  most  northern  parts  is 
comparatively  mild  and  moist.  The  extreme  ranges  of  temperature 
are  moderate  when  contrasted  with  those  recorded  in  different  parts  of 
Great  Britain.  The  character  of  the  'Flora'  indicates  this.  In 
marine  plants  the  occurrence  of  many  southern  species  in  the  sea  of 
the  North  of  Ireland  points  out  the  influence  of  the  Gulf  Stream  in  a 
marked  manner. 

Taking  Mr.  W.  C.  Watson  s  divisions,  Dr.  Dickie  gives  the  fol- 
lowing statements  as  to  the  Ulster  Flora : — 

1.  BBinsrr. — The  number  of  plants  belonging  to  this  division,  as 
given  in  the  Guide,  are — Dicotyledons,  347 ;  Monocotyledons,  136. 
Several  of  those  are  not  so  abundant  as  usual,  such  as  Draha  vema, 
Cardamine  amara,  Arabia  hirsuta,  Adoxa  MosckatelUna,  Ch^ganum 
vulgare,  Myosotis  coUinay  Mercuricdis  perennis,  Milium  effumm,  Carex 
ftdva. 

2.  English. — The  total  number  of  this  type  in  the  British  Flora 
is  about  396 ;  of  these  there  are,  in  this  district,  141  Dicotyledons  and 
86  Monocotyledons,  giving  a  total  of  177. 

*  •  A  Flora  of  Ulster,  and  Botanist's  Guide  to  the  North  of  Ireland.'  By  G. 
Dickie,  AM^  M.D.,  F.L.S.,  Professor  of  Botany  in  the  UniTeraity  of  AlH^rde<*n. 
Belfast :  G.  Aitchison ;  London  :  Lovell  Reeve.    18mo,  pp.  176. 
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3.  Scottish. — ^The  iota)  number  in  Britain  may  be  estimated  at 
about  69 ;  those  in  the  Ulster  list  are  84  Dicotyledons  and  19  Mono- 
cotyledons ;  total  44. 

4.  HioHLAKD. — Species  of  this  type  are  estimated  at  100 ;  in  the 
North  of  Ireland  the  number  is  29,  of  which  26  are  Dicotyledons. 

5.  Atlantic. — The  total  number  in  Britain  is  about  60 ;  of  these 
there  are  in  the  list  23,  of  which  20  are  Dicotyledons. 

6.  Gesmanio. — The  repiesentatives  of  this  type  are  190,  and  only 
3  are  in  the  list,  of  which  2  are  Monocotyledons. 

7.  Local. — Under  this  head  are  included  2  species  not  found  in 
Britain — Arenaria  ciliata  and  Garex  canescens,  and  one,  CalamagroHU 
atricta,  extremely  local  in  Britain. 

The  plants  which  occur  on  the  summits  of  the  higher  mountains 
are  as  follows : — Arbutus  Uva-Ursi,  Callunay  Empetrum^  Galium  saxaUley 
Salix  herhacea,  Vaccinium  MyriiUus,  Carex  pilulifera,  C.  rigida,  Fesiuca 
ovinay  and  var.  vivipara,  Luasula  sylvcUicay  Juncue  sqwarrosuSj  Poa 
praieniis,  Armeria  vulgaris^  Campanula  roiundifolia^  Euphrasia  officinalis, 
PotentiUa  TormentiUoy  Biumex  acetasa,  Agrostis  vuigarisy  Aira  jftexuasa, 
Lycopodiwm  Selago,  Saxifraga  umbrosa. 

The  author  includes  in  the  'Flora'  the  Phanerogamous  plants 
along  with  Ferns  and  their  allies.  A  list  of  the  species  is  given,  with 
full  reference  to  their  localities,  a  notice  of  their  period  of  flowering, 
their  range,  and  the  type  to  which  they  belong.  A  supplement  is 
given  containing  a  list  of  the  species  which  are  either  not  strictly 
indigenous,  or  regarding  whose  occurrence  in  the  district  there  is  some 
doubt.  We  have  no  hesitation  in  recommending  the  work  as  one  of 
great  value  to  the  botanist  who  wishes  to  explore  the  Flora  of  the 
North  of  Ireland. 

The  counties  embraced  in  Dr.  Dickie's '  Botanist's  Guide  '*  to  Aber- 
deen, &c.,  are  very  interesting  in  a  botanical  point  of  view.  They 
exhibit  a  Flora  ranging  from  the  sea-shore  to  the  height  of  4,295  feet. 
The  author  gives  a  general  view  of  the  physical  character  of  the  coun- 
ties, and  notices  specially  their  meteorology.  The  geology  of  the 
counties  is  also  given,  from  the  pen  of  Mr.  Cruickshank.  The  British 
Dicotyledenous  orders  not  represented  in  the  Flora  are  Berberidacete, 
FrankeniaceiB,  Tiliaceffi,  Aoerace®,  Balsaminacece,  Celastracese,  Rham- 
nacese,  Tamariscacead,  Cucurbitaceie,  LoranthaceaB,  Jasminaceie,  Oro- 
banchaceae,  Amarantacece,  ElflBagnaceeB,  ThymelasaceaaB,  Santalacese, 
and  AsaraceaB.  The  Monocotyledonous  orders  not  represented  are 
Amaryllidaceee,  Tamacete,  Hyckocharidaceaa,  and  BestiacesB. 

Taking  Mr.H.  C.  Watson's  Floral  types,  the  following  report  by  the 
author  gives  an  idea  of  the  characteristic  features  of  Uie  Aberdeen- 
shire Flora : — 

1.  British. — Most  of  these  constitute  our  common  plants,  almost 
everywhere  difihsed,  and  many  of  them  familiar  to  all  as  ordinary 
weeds.     Some  of  this  type,  however,  though  abundant  in  more  southern 
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'  Botanist  8  Guide  to  the  Gomitiei  of  Aberdeen,  Banff,  und  Kincardine.'  By 
G.  Dickie,  A.M.,  M.D.,  Profeflsor  of  Botany  in  the  Univei'Bity  of  Aberdeen.  ISino, 
pp.  344.    Aberdeen :  A.  Bmwii  &  Ck>. ;  London  :  Longman  &  Go.    1860. 
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parts  of  Britain,  become  scarce  here,  and  may  be  reckoned  among 
our  rare  species;  such  as  Banunculus  auricomus,  Arabis  hirsuta, 
Arenaria  trinervis,  Bidens  ceroua,  Lycopus  EuropeBus,  Listera  ovata, 
Malaxis  paludosa,  Alisma  ranunculoides,  &c. 

2.  Ekglish. — Of  this  type  comparatively  few  reach  Aberdeenshire, 
and  some  of  them,  though  now  extensively  spread,  very  probably  may 
]iave  been  introduced  along  with  seeds  of  agricultural  plants. 

3.  Scottish. — ^Plants  of  this  division  are  well  represented  in  this 
part  of  Scotland,  being  58  in  number,  and,  therefore,  about  f  of  the 
British  species,  so  designated,  occur  here.  Most  of  them  are  abun- 
dant, and  several  are  species  highly  prized  by  Southern  collectors.  A 
few  examples  may  be  mentioned : — ^Rubus  saxatilis,  Trientalis  Europiea, 
Linntea  borealis,  Pyrola  media,  Pyrola  minor,  Goodyera  repens,  and 
Listera  cordata.  Three  of  these,  Linnsa,  Trientalis,  and  Goodyera, 
may  be  specially  noted  as  very  widely  distributed  and  abundant  here. 

4.  Gbbmanio. — There  are  only  8  examples  of  this  type  on  our  list, 
and  they  are  mostly  rare  or  local  plants ;  the  total  number  of  such  in 
the  British  Flora  being  estimated  at  more  than  190. 

5.  Atlantic. — Sedum  anglicum  and  Scilla  vema  are  the  only 
representatives ;  the  latter  confined  to  the  North-western  part  of  the 
coast,  on  the  borders  of  the  Moray  Firth. 

6.  HiGHLAin). — The  plants  belonging  to  this  division  are  esti- 
mated at  about  100  species  in  the  whole  British  Flora;  of  these 
-^Q  are  found  in  the  Hsi  Many  of  these  are  very  local,  and 
entirely  confined  to  the  higher  districts.  A  few  of  these  reach 
the  coast,  and  are  found  almost  at  the  sea-level,  viz.  Sedum  Kho- 
diola,  Saxifraga  oppositifolia,  S.  hypnoides,  and  Polygonum  vivi- 
pamm.  Some  others  appear  at  a  lower  altitude  along  the  course 
of  the  Dee  and  Deveron.  Such  have,  probably,  been  transported 
by  floods,  viz,  Oxyria  reniformis,  Epilobium  alpinum,  and  Alche- 
milla  alpina.  Among  the  more  interesting  of  this  type  found  in 
the  interior,  and  usually  very  local,  may  be  mentioned  Astragalus 
alpinus,  Mulgedium  alpinum,  Arbutus  alpina,  and  various  species  of 
Saxifraga,  Hieraciimi,  Salix,  Juncus,  Carex,  and  Poa. 

As  regards  altitudinal  distribution,  tiie  following  remarks  are 
made  : — The  upper  limit  of  Pteris  aquilina  is  considered  as  marking 
the  upper  limit  of  the  Super-agrarian  Zone,  and  therefore  also  that 
of  cultivation  in  Britain.  The  limit  of  this  fern  varies  here  from 
1,600  to  1,900  feet :  very  rarely,  however,  does  it  attain  the  latter. 
In  several  localities,  on  the  bare  stony  sides  of  the  hills,  the  limit  is 
found  to  be  1,600  to  1,700  feet.  At  various  places,  even  more  than 
forty  miles  from  the  sea,  cultivation  at  high  altitudes  is  frequent.  In 
some  of  the  inland  or  higher  parts  of  the  Super-agrarian  Zone,  several 
plants  of  the  Highland  type  constitute  a  permanent  feature  of  the 
vegetation,  such  as  Cerastium  alpinum,  Aspleniiim  viride,  Polygonum 
viviparum,  and  Arabis  petreBa. 

The  Zones  of  Watson's  Arctic  region  are  well  represented  in 
Aberdeenshire.  The  Mid- Arctic  Zone  is  peculiarly  rich  in  rare  forms 
of  the  Highland  type,  such  as  Astragalus  alpinus,  Carex  rupestris, 
C.  leporina,  C.  Yahlii,  Erigeron  alpinus,  &c.     At  the  extreme  part  of 
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the  Super-Arctic  Zone,  the  Highland  forms  alone  occur.  Thns,  on  the 
summit  of  Ben  Maedui,  only  seren  flowering  plants  are  found,  viz. 
Silene  acaulis,  Saxifraga  stellaris,  Salix  herbacea,  Luzula  spicata^ 
L.  arcuata,  Carex  rigida,  and  Festuca  vivipara.  Along  with  tiiem  are 
associated  Ljcopodium  Selago,  and  several  other  Cryptogamic  plants. 
A  complete  list  is  given  in  the  work  of  all  the  Phanerogamic  and 
Cryptogamic  plants  of  t^e  counties,  and  full  references  to  their  localities. 
There  is  also  a  map  of  the  district,  with  a  delineation  of  the  various 
zones  of  vegetation,  and  a  notice  of  the  plants  which  mark  different 
altitudes.  The  *  Guide '  is  compiled  with  great  care  and  correctness  by 
one  who  is  thoroughly  conversant  with  the  Flora,  and  who  has  for 
many  years  been  in  tibe  habit  of  visiting  the  localities.  Dr.  Dickie 
has  done  good  service  to  practical  botany  by  this  publication,  which 
ought  to  be  the  pocket  companion  of  every  one  who  means  to  explore 
the  floral  treasures  of  the  North  of  Scotland. 


BRITISH  AND  AMERICAN  CONCHOLOGY.* 

Whatbvbb  may  be  the  future  destiny  of  those  constituent  groups 
which  collectively  form  the  genera  of  natural  science,  it  is  certain, 
that  from  the  time  of  Linmeus  they  have,  in  numberless  instances, 
endured  a  considerable  amount  of  severe  cross-examination,  and 
have  stood  their  ground  with  much  firmness.  Species  are  indeed, 
at  present,  somewhat  stubborn  facts,  and  exhibit  not  a  few  very  re- 
markable idiosyncrasies,  which  have  to  be  disposed  of  before  the 
theory  of  development  can  be  regarded  as  perfectly  established. 

To  an  unprofessional  observer,  the  aspect  of  a  named  collection, 
in  almost  any  branch  of  natural  history,  is  very  perplexing.  In 
entomology,  for  instance,  he  may  notice  a  series  of  insects,  under  the 
same  specific  name,  yet  differing  from  each  other  in  size,  colour,  and 
even  in  form ;  whilst  not  far  from  these,  two  groups  may  appear,  in 
one  of  which  the  specimens  are  so  like  those  of  the  other,  as  to  bo 
apparently  indistinguishable,  yot  he  may  find  the  groups  marked  by 
different  specific,  perhaps  even  by  different  generic,  names.  Tiie 
arrangement  may,  nevertheless,  be  perfectly  accurate  and  easily  in- 
telligible to  the  entomologist,  who,  in  a  variable  species,  at  once 
recognizes  the  specific  identity  of  insects,  differing  at  first  sight, 
as  much  as  a  magpie  does  from  a  jay ;  whilst  between  two  constant 
species,  he  knows  the  characteristic  difference  is  very  slight.  We 
may  be  more  or  less  inclined  to  attach  importance  to  specific  dis- 

*  *  British  Conchology ;  or,  an  Account  of  the  Mollusca  which  now  inliabit 
the  British  Iides  and  the  snrronnding  Seas/  Vol.  U., '  Marine  Shells  :  compris- 
ing the  Bracfaiopoda  and  Gonchifera,  from  the  Family  of  Anomiidss  to  tliat  of 
Mactrido.'    By  John  Gwyn  Jeffreys,  F.R.S.,  F.G.S.,  8cq,    Van  Voorst 

*  Observations  on  tlie  Genua  Unio  :  togetlier  with  Descriptions  of  New  Species, 
their  Soft  Parts  and  Embryonic  Forms  in  the  Family  Unionid^/  By  Isaac  T^ea, 
LL.D.,  President  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  &c.  With 
ten  plates.    Philadelphia  :  Printed  for  the  author. 
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tinctions,  but  at  all  events,  it  must  be  evident  that  discrimination 
between  species  is  a  matter  of  empiricism,  and  can  only  be  accom- 
plished by  a  naturalist  who  has  a  thorough  practical  acquaintance 
with  all  the  constituents  of  a  genus  in  their  various  relations  towards 
each  other,  and  under  all  the  circumstances  of  the  life-history  of  each 
species. 

Dr.  Lea  has  devoted  a  large  share  of  his  life  to  the  attainment  of  a 
thorough  acquaintance  with  the  single  conchological  feunily  Unionidad. 
The  Unios  are  not  general  favourites  with  shelly  collectors,  perhaps 
because  there  is,  to  say  the  least,  a  strong  family  resemblance  between 
all  the  species,  and  a  good  series  requires  Uie  whole  of  a  very  capacious 
cabinet  for  its  reception.  Nevertheless,  these  fresh-water  mussels 
have  had  a  few  enthusiastic  admirers  and  collectors,  from  and  before 
the  time  of  Featherstone,  whose  book  of  travels  in  North  America 
gives  an  amusing  account  of  perils  and  hardships  undergone  in  pur- 
suit of  Unios.  The  tenth  volume  of  Dr.  Lea's  work  on  the  Unionids 
contains  a  very  valuable  description  of  the  soft  parts  and  embryonic 
forms  of  many  species,  the  shells  alone  of  which  had  been  previously 
described.  It  is  a  pity  that  the  work  is  so  strictly  confined  to  techni- 
calities. Books  of  natural  science  will  never  gain  their  due  respect 
from  mankind  till  they  openly  recognize  the  fact  that  an  accurate 
description  of  the  habits  and  dispositions — in  short,  the  biography  of 
a  living  thing — ^is  just  as  purely  and  as  truly  scientific  as  the  most 
elaborate  treatise  on  its  physiology. 

The  North  American  Unionidss  include,  according  to  Dr.  Lea,  more 
than  seven  hundred  species,  whilst  the  rivers  in  Europe  do  not  produce 
more  than  a  dozen. 

The  second  volume  of  British  Oonchology,  by  Mr.  Jeffrey's,  exhibits 
equally  with  the  first,  on  the  part  of  the  author,  a  profuse  expenditure 
of  time  and  energy  ungrudgingly  bestowed  on  his  favourite  pursuit 

Li  reading  the  book,  it  is  easy  to  fimcy  oneself  inhaling  the  fresh 
odour  of  the  sea-shore,  or  of  the  sea-bottom ;  turning  a  stone  for  a 
chiton,  or  poring  over  the  dripping  contents  of  a  dredge  in  search  of 
rissoas ;  on  the  whole,  however,  the  proportion  of  matter  unattainable 
from  other  sources  seems  to  be  somewhat  less  in  this  than  it  was  in 
the  former  volume.  Many  readers  will,  no  doubt,  think  that  the 
author  has  acted  judicioudy  in  abstaining  from  drawing  inferences 
from  his  vast  store  of  €Eu;ts,  either  in  favour  of,  or  in  opposition  to, 
the  theory  of  natural  selection ;  yet  it  is  daily  becoming  more  dificult 
to  awaken  any  interest  in  matters  which  were  the  subjects  of  warm 
discussion  only  a  few  years  ago.  Even  the  discovery  of  a  new  species 
is  less  cared  for :  wo  want  to  know  more  of  the  old  ones ; .  for  if  Mr. 
Darwin's  theory  be  the  correct  one,  there  is  not  an  animal  or  a  plant  of 
any  species — far  more  than  this,  there  is  not  a  single  character  belong- 
ing to  an  animal  or  a  plant  of  any  species,  but  it  has  its  own  wondrous 
ancestral  history  to  yield  as  a  rewaid  for  patient  study.  On  the  other 
hand,  if  we  regard  *^ natural  selection"  as  a  mere  conjecture,  ecery 
pari  of  every  liring  thing  may  be  examined  as  a  witness  to  the  proba- 
bility or  the  improbability  of  the  grounds  on  which  the  conjecture  has 
been  made.  -  Ail  must  admit  that  Mr.  Darwin  has  fairly  challenged 
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refdtation  ;  he  has  propounded  no  misty,  indefinite,  unintelligible 
theory ;  he  has  made  two  assertions  that  anybody  may  understand — 
1st.  That  species  have  arisen  by  divergence  in  descent  from  a  com- 
mon stock  ;  2nd.  That  the  direction  of  the  diyergence  has  been  deter- 
mined on  utilitarian  principles.  It  is  inconceivable  that  such  a  theory 
can  long  remain  undecided.  It  is  a  reproach  to  science,  that  the 
materials  for  its  support  or  refutation  are  not  at  hand  in  over- 
whelming plenitude.  From  a  Bhizopod  to  an  elephant,  from  a  par- 
ticle of  red  'snow  to  a  Wellingtonia,  every  organism  invites  the 
inquirer  after  truth  to  come  and  hear  what  it  has  to  say  upon  the 
question.  The  hct  is,  that  naturalists  have  been  too  much  occupied 
with  systems  of  classification,  and  with  establishing  their  various  per- 
sonal claims  to  scientific  honours ;  and  now  the  work  that  might  have 
been  done  long  ago,  remains  to  be  done;  for  Mr.  Darwin  himself 
would  be  the  last  man  in  the  world  to  assert  that  he  had  arrived  at 
anything  like  a  demonstration.  He  has,  however,  succeeded  in  giving 
the  great  problem  a  most  unexampled  prominence  ;  the  rising  genera- 
tion will  probably  possess  its  satisfactory  solution. 


PAMPHLETS. 

The  Colossal  Bibd  of  Madaoascab.* 

In  the  year  1850,  a  French  ship-captain,  named  Abadie,  being  on  the 
south-east  coast  of  Madagascar,  observed  in  the  hands  of  a  native  the 
shell  of  a  gigantic  egg,  which  had  been  perforated  at  one  of  its  ex- 
tremities and  employed  for  domestic  purposes.  M.  Abadie  being 
attracted  by  the  unusual  dimensions  of  the  egg,  set  to  work  to  procure 
specimens  of  it,  and  ultimately  succeeded  in  obtaining  from  the 
natives,  besides  the  example  first  seen,  two  others.  One  of  these  was 
found  in  the  dSbris  of  a  recent  land-slip,  the  other  was  disinterred  from 
a  recent  alluvial  formation,  together  with  some  bones  of  apparently  no 
less  gigantic  size. — Upon  these  objects,  which  were  shortly  afterwards 
forwarded  to  Paris,  tibe  late  Professor  Isidore  Geofi&'oi  St.  Hilaire 
founded  a  new  genus  and  species  of  extinct  Struthious  birds,  allied  to 
Dinomis,  for  which  he  proposed  the  name,  .Mpyomis  mcmmt^.f  The 
most  striking  character  of  the  eggs  oi-Mpyomia  is  their  enormous 
size.  The  largest  of  the  two  received  at  Paris  measured  in  circum- 
ference lengthwise  no  less  than  2  feet  10  inches,  and  breadthwise  2  feet 
4  inches.  Its  extreme  length  in  a  straight  line  was  about  12  inches. 
Professor  Geof&oi  St.  Hilaire  estimated  that  it  would  contain  lOi 
quarts,  or  nearly  as  much  as  six  ostrich-eggs.  A  large  ostrich  egg, 
we  may  mention,  measures  only  about  6}  inches  in  length,  being  little 
more  than  half  that  of  the  JEpyomis.   But  it  would  be  very  hazardous, 

*  '  A  Paper  upon  the  Egg  of  ^pyornis  Maximus,  the  Colossal  Bird  of  Mada- 
gascar.'   Bj  Geor^  Dawson  Rowley,  M.A. 
t  Gompfc.  Bend,  de  I'Ac.  Bo.,  1851,  Jan.  27. 
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as  Professor  Owen  has  remarked,  when  making  observations  on  these 
eggs  before  the  Zoological  Society,*  to  conclude  hence  that  the  size 
of  the  bird  was  in  proportion  to  the  great  dimensions  of  its  eggs.  The 
little  Apteryx,  or  kiwi  of  New  Zealand,  produces  an  egg  4|  inches  in 
length,  and,  when  freshly  laid,  "  nearly  equal  to  one-foiuih  of  the 
weight  of  the  living  bii*d."|  In  fact,  Professor  Owen  considers  that 
the  ^^JEpyomia  did  not  surpass  in  height  or  size  the  Dinornis  giganteus, 
and  that  it  was  probably  a  somewhat  smaller  bird." 

The  eggs  of  the  J^omia  are  now  well  known  to  scientific  men, 
from  casts  which  have  been  prepared  to  imitate  the  originals  in  the 
French  collection,  and  liberally  distributed  amongst  all  ihe  principal 
Museums  of  Europe  and  America.  But,  as  regards  originals,  the 
Parisian  examples  have  remained,  as  &r  as  we  know,  unique,  until  the 
arrival  of  the  example  described  in  the  present  pamphlet,  which  was  first 
exhibited  in  the  International  Exhibition  of  1862.  It  was  obtained, 
Mr.  Eowley  informs  us,  at  Mananzari,  on  the  east  coast  of  Madagascar, 
at  a  depth  of  5  feet  in  a  hill  of  ferruginous  clay,  by  some  Malgaches 
digging  for  iron  ore.  Mr.  Rowley  tells  us  that  this  specimen,  which 
he  obtained  by  purchase  from  a  M.  Brunet — the  secretary  of  a  French 
charitable  association  —  slightly  exceeds  the  two  Parisian  eggs  in 
dimensions,  and  is,  therefore,  the  largest  known  example  of  the  eggs 
of  Mpyorais.  Without  grudging  Mr.  Bowley  the  acquisition  of  such 
an  addition  to  his  collection  of  eggs,  for  which,  we  believe,  he  paid  a 
handsome  price,  we  cannot  help  expressing  our  regret  that  the  autho- 
rities of  the  British  Museum,  to  whom  we  know  the  offer  was  made, 
did  not  secure  such  a  prize  for  our  national  collection. 


Spjectbum  Analysis.  { 

We  may  commend  this  little  book  to  our  readers  as  an  excellent 
practical  guide  to  the  use  of  the  Spectroscope,  which  all  who  are 
beginning  to  experiment  with  the  instrument  will  do  well  to  study. 
Whether  its  revelations,  so  far  as  the  materials  of  our  own  globe  are 
concerned^  are  come  to  an  end  or  not,  it  will  always  be  looked  upon  as 
an  important  means  of  research,  with  the  use  of  which  every  chemist 
will  do  well  to  make  himself  acquainted.  Although  the  application 
to  qualitative  analysis  seems  limited  and  somewhat  delusive,  there  are 
some  who  anticipate  the  day  when  further  researches  may  show  that 
the  spectroscope  will  be  available  not  only  to  discover  the  presence  of 
different  substances,  but  also  to  show  their  several  proportions.  In 
these  hopes  we  hardly  share,  but  we  are  glad  to  lend  any  aid  to  extend 
the  use  of  the  instrument. 

One  objection  often  brought  against  the  usefulness  of  the  spectro- 

*  iSee  P.  Z.  S..  1852,  p.  9. 

t  See  Sclater,  in  P.  Z.  S.,  1859.  p.  350. 

X  *Instraotion  Pratique  sur  1' Analyse  Spectrale,  comprenant :  1.  La  Descrip- 
tion des  Appareils;  2.  Leiir  Application  aux  Recherches  Chimiques;  3.  Leur 
Application  aux  Observations  Physiques ;  4.  La  Projection  des  Spectres.'  Par  M. 
Louis  Grandeau.   Paris :  Mallet-Bachelier. 
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scope  is  its  excessive  delicacy.  It  is  hard,  sometimes,  to  tell  whether 
the  spectrnm  seen  is  given  by  the  material  under  examination,  or 
whether  it  is  not  caused  by  minute  portions  of  the  substances  floating 
in  the  atmosphere.  It  is  for  this  reason  that  M.  Grandeau  insists 
strongly  upon  the  necessity  for  a  separate  and  distinct  laboratory  in 
which  to  carry  on  spectrum  investigations.  This  laboratory,  he  adds^ 
should  be  provided  with  the  means  of  effecting  a  thorough  ventilatioir, 
so  as  to  get  completely  rid  of  volatilized  matter. 

The  author  also  points  out  the  advantage  of  securing  a  room  with 
a  southern  aspect,  the  window  of  which  can  be  darkened  with  wooden 
shutters,  a  circular  hole  in  one  of  which  may  admit  a  beam  of  solar 
light  for  examination  and  comparison. 

No  less  useful  to  chemists  beyond  the  reach  of  gas,  is  the  hint  that 
in  the  absence  of  a  Bunsen's  jet  the  best  source  of  heat  and  light  to 
employ  is  a  lamp  fed  with  wood  spirit.  It  is  also  very  properly  pointed 
out  that  when  either  such  a  lamp  or  a  common  spirit  lamp  is  em- 
ployed, the  brass  collar  through  which  the  wick  passes  should  be  well 
platinized  to  prevent  the  appearance  of  the  spectrum  of  copper,  some 
of  which  metal  is  always  carried  along  by  the  spirit. 

The  spectrum  of  copper  is  rather  complicated,  but  it  may  mislead 
a  young  experimenter,  who  would,  however,  be  able  to  set  himself  right, 
if  he  checked  his  results  with  the  spectroscope  by  an  ordinary 
chemical  analysis.  And  here  we  may  mention  what  M.  Grandeau 
calls  a  most  happy  coincidence.  It  is  the  circumstance  that  those 
substances  which  are  most  difficult  to  detect  by  purely  chemical  means, 
are  just  those  which  give  the  most  simple  and  characteristic  spectra. 
Take  as  an  illustration  the  fact  mentioned  in  our  Chemical  Chronicle. 
Plattner  had  a  large  amount  of  ceasium  in  his  hands,  and  yet  failed 
by  chemical  means  to  discover  that  it  was  anything  different  from 
potassium.  Bunsen  had  a  very  minute  proportion,  but  instantly  recog- 
nized in  the  two  blue  lines  the  sign  of  something  new.  How  minute 
a  proportion  of  some  metals  may  be  discovered  is  stated  by  the  author, 
and  we  quote  his  statement  without,  however,  guaranteeing  the  accu- 
racy of  the  determination.  He  says,  that  the  observation  of  the 
lines  of  the  spectrum  enables  us  to  prove  most  distinctly  the  presence 
of  0-000,000,3  of  a  milligramme  of  sodium,  and  0*000,000,9  of  a 
milligramme  of  lithium  I 

The  exact  value  of  the  spectroscope  in  analysis  is,  as  we  have 
hinted,  yet  to  be  determined,  but  the  value  of  the  results  already 
arrived  at  by  its  means  are  unquestioned.  Four  new  simple  bodies 
have  been  brought  to  our  knowledge  in  the  same  number  of  years,  a 
result  unprecedented  since  the  time  of  Davy  ;  and  although  a  chemist 
can  hardly  wish  the  mumber  of  simple  bodies  to  go  on  extending  at 
this  rate,  we  hope  there  is  yet  a  rich  harvest  to  be  reaped  to  reward 
the  labours  of  other  observers. 

We  have  already  expressed  a  warm  commendation  of  this  book, 
which  we  have  only  to  add  extends  to  every  part  but  the  chromo- 
lithographs at  the  end.  If  anyone  should  arrange  for  its  translation 
into  English,  he  had  better  get  fresh  plates  executed. 
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Btcent  Cinitribations  to  Natural  History  and  Ethnology  in  France. — 1.  Pas- 
teur on  Ferments ;  2.  Tremaux  on  the  White  and  Black  Kaces  in 
Africa ;  3.  Lartet  and  Christy  on  Pre- historic  Human  Remains.  By 
Th.  Lacaze  Duthiers  (Professeur  a  I'Ecole  normale  sup.  de  Paris). 


At  the  time  when  Lamarck  wrote, 
it  was  still  possible  to  beUeve  in 
spontaneous  generation  ;  and,  in- 
deed, it  was  easy  to  justify  such  a 
theory  by  a  reference  to  facts  then 
unexplained,  and  otherwise  inexpli- 
cable. But  since  then,  further  light 
has  been  thrown  upon  a  whole 
series  of  living  forms,  whose  origin 
and  development  had  betore  been 
regarded  as  insoluble  problems. 
The  advocates  of  the  theory  of 
generation  without  parents,  or  ''  he- 
terogenasis,"  as  it  is  termed,  rapidly 
decreased  in  number,  owing  to  the 
difficulty  they  found  in  sustaining 
their  opinions,  and  a  period  seemed 
to  have  arrived  when  such  inquiries 
had  attained  a  degree  of  precision 
which  excluded  the  possibility  of  a 
revival  of  this  old  world  controversy. 
Nevertheless,  M.  Pouchet,  of 
Bouen,  doubtless  unconvinced  by 
the  most  recent  discoveries  which 
had  thrown  such  hght  uiK>n  the 
mystery  of  generation  amongst  the 
lower  animals,  some  years  since 
presented  to  the  Academy  of 
Sciences  a  number  of  detailed  facts 
which,  he  believed,  demonstrated 
satisfactorily  the  production  of 
microscopic  organisms  without 
parents.  This  communication  led  to 
a  controversy,  and  the  Academy  of 
Sciences  adopted  the  question  as 
the  subject  for  one  of  its  prizes,  and 
finally  awarded  the  distinction  to 
an  eminent  chemist,  M.  Pasteur, 
whose  labours  clearly  exhibited  the 
errors  into  which  M.  Pouchet  had 
fallen.    Still  the  naturalist  of  Bouen 


does  not  acknowledge  himself  van- 
quished. Far  from  this,  he  is 
incc>ssantly  attacking  M.  Pasteur; 
with  him  have  allied  themselves 
MM.  Jolly  and  Musset,  naturalists 
holding  similar  views,  and  the  com- 
bination of  these  three  observers 
necessarily  gives  weight  to  the  op- 
position raised  against  the  decision 
of  the  committee  which  had  already 
judged  the  whole  question. 

In  the  interests  of  science,  and 
for  the  dignity  of  the  Academy  of 
which  he  is  now  a  member,  M. 
Pasteur  has  requested  that  a  com- 
mission should  be  appointed  with 
a  view  of  witnessing  a  series  of  com- 
parative experiments  to  be  institu- 
ted by  his  adversaries  and  himself, 
and  the  decision  of  the  judges  should 
finally  dispose  of  the  controversy. 
The  challenge  was  frankly  and  dis- 
tinctly given ;  it  was  accepted  in  the 
same  spirit  by  his  opponents ;  and 
each  party  was  to  repeat  its  experi- 
ments before  the  committee  in  con- 
firmation of  its  views. 

The  time  anived,  when  MM. 
Pouch et,J  oily,  and  Musset  requested 
an  adjournment,  fearing  that  the 
changes  of  temperature  in  the 
spring  might  cause  the  fiiiluro  of 
tneir  so-called  physiological  experi- 
ments. The  delay  has  been  granted, 
and  the  commission  will  not  meet 
until  the  19th  of  June  of  the  pre- 
sent year.  A s  we  mav  well  imagine, 
M.  Pasteur  has  not  failed  to  draw 
attention  to  the  fact  that  he  was 
ready  at  any  time,  and  at  the  call 
of  the  Academy,  for  with  a  stove 
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any  requisite  temperature  may  at 
all  times  be  obtained  for  any  kind 
of  experiments. 

We  trust  that  there  may  be  no 
further  delay,  for  it  is  necessary 
indeed  that  a  solution,  free  from 
any  kind  of  suspicion,  should  be 
arrived  at,  in  order  to  close  a  debate 
already  too  long  protracted. 

The  experiments  of  M.  Pasteur 
are  possessed  of  singular  clearness, 
precision,  and  interest,  and  are 
conducted  on  the  broadest  general 
basis.  He  is  not  content  to  take  at 
hazard  a  few  special  results  ;  but  he 
studies  the  more  extended  pheno- 
mena of  putrefaction,  fermentation, 
and  disoro^anization  of  organized 
beings.  Wherever  he  observes  the 
decomposition  of  an  organic  com- 
pound he  also  encounters  myriads 
of  forms,  be  they  animal  or  vege- 
table, which  accomplish  this  decom- 
position. He  seeks  the  conditions 
necessary  for  their  existence,  in  order 
to  deduce  from  these  the  laws  of 
their  development  and  reproduc- 
tion, and  in  the  major  portion  of  the 
nhenomena  attributed  to  slow  oxi- 
aation,  snch  as  fermentation  and 
putrefaction,  he  sees  only  the  mani- 
festations of  the  vital  force  exerting 
itself  in  the  world  of  in&nitely  mi- 
nute beings. 

**  Li/c,"  he  says,  "  presides  every- 
where  over  the  work  of  iUath^'*  a 
remarkable  expression,  which  exhi- 
bits strikingly  the  practical  and 
philosophical  mind  of  the  great 
academician.  As  a  naturahst  I 
heartily  approve  this  statement, 
emanating  from  a  chemist,  for  it  is, 
to  me,  ao  indication  of  a  return  to 
the  study  of  true  biological  science 
— a  science  far  too  much  neglected, 
and  one,  the  importance  of  which 
is  often  misapprehended,  and  its 
action  too  much  restricted. 

When,  owing  to  the  new  line  of 
inquiry  here  indicated,  the  results 
due  to  vital  force,  or,  if  the  phrase 
be  preferred,  due  to  the  action  of 
the  organized  world  upon  itself, 
are  fully  recognized ;  results  of 
the  most  striking  character  which 
are  often  attributed  to  the  chemical 


OT physical  forces  in  the  explanations 
of  the  phenomena  of  daily  life,  then 
it  will  be  seen  that  the  return  of 
the  primitive  elements  to  the  inor- 
ganic world  is  but  the  manifestation, 
the  most  striking,  though  appar- 
ently the  humblest,  of  the  endow- 
ments of  animal  and  plant  life.  It 
would  be  impossible  to  refer  here  to 
all  the  varied  observations  of  M. 
Pasteur  on  this  subject ;  all  we  can 
do  is  to  direct  attention  to  his  latest 
communications,  which  are  of  a 
specially  practical  character,  and  it  is 
pleasing  to  see  science  descend  from 
the  lofty  heights  of  theory  in  order 
to  guide  the  researches  of  the  ex- 
pen  men  talist,  so  often  conducted  in 
the  dark. 

Everyone  is  aware  that  the 
*  *  must,**  or  sweet  juice  of  the  grape, 
is  converted  into  wine  by  the  pro- 
cess of  fermentation,  but  this  being 
accomplished,  whence  does  wine  ob- 
tain its  exquisite  properties?  bow 
does  it  acquire  age  ? 

That  the  oxygen  of  the  atmo- 
sphere was  indispensable  for  fermen- 
tation was  proved  by  Gay-Lussac ; 
but  M.  P&steur  teaches  us  that, 
when  the  fermentation  is  ended,  its 
part  in  the  process  becomes  chang- 
ed. It  is  aosorbed.  and,  combining 
with  some  of  the  elements  of  the 
wine,'  modifies  its  flavour  and  im- 
parts to  it  its  characteristic  bouquet. 

This  explains  why  wine  acquires 
age  more  quickly  and  more  readily 
in  porous  wooden  vessels,  where  the 
conditions  of  absorption  are  favour- 
able, than  in  glass  vessels  ;  in  casks 
rather  than  in  bottles  ;  in  a  state  of 
motion  rather  than  when  at  rest. 
More  attention  should  therefore  be 
devoted  than  is  usually  the  case  to 
the  aeration,  not  only  of  cellars,  but 
also  of  wine  contained  in  casks. 

The  must  is  changed  into  wine  by 
the  action  of  a  lowly-organized  plant* 
which,  while  developing  and  multi- 
plying itself  infinitely,  acts  upon  the 
sugar  and  separates  its  elements. 

When  the  alcohol  resulting  from 
this  process  is  produced,  absorption 

*  Mycodcrma  Vini. 
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of  oxygen  commences;  the  wine 
loses  some  of  its  qualities  and  ac- 
quires new  ones.  In  a  word,  it  ac- 
quires age.  But  this  absorption 
may  be  hindered  or  interrupted  by 
the  production  of  many  kinds  of 
vegetJEtbles ;  true  parasitic  growths, 
which  act  like  ferments,  and  so  form, 
by  their  own  peculiar  influence, 
those  wines  which  are  commonly 
named  in  France  sour  or  acid  wines, 
sweet,  bitter,  turned,  and  dry  wines. 
M.  Pasteur,  without  any  hasty  at- 
tempt at  imposing  new  names  on 
each  of  these  vegetable  forms  (and 
in  this  respect  how  few  botanists 
would  have  imitated  him),  regards 
them,  nevertheless,  as  so  many  dis- 
tinct species,  which,  by  their  special 
action,  cause  the  disagreeable  char- 
acters of  which  we  have  just  spoken ; 
and  he  adopts  this  practical  applica- 
tion well  worthy  of  attention. 

The  disagreeable  flavour  of  acid 
wines,  of  those  which  are  sweet, 
bitter,  changed,  &c.,  cannot  be  re- 
cognized by  taste  vmtil  the  change 
is  far  advanced,  and  it  is  no  longer 
possible  to  apply  a  remedy  to  the 
mischief;  while  by  microscopic  ex- 
amination the  destructive  crypto- 
gam may  be  discovered  as  soon  as  it 
is  fairly  developed,  and  its  increase 
may  then  be  checked.  A  wine  may 
thus  be  out  of  condition  for  a  long 
time  before  its  state  is  really  sus- 
pected, and  microscopic  examination 
alone  can  ensure  the  detection  of  this 
state,  or  watch  over  its  progress. 

Doubtless  it  will  be  long  before 
full  use  is  made  of  these  scien- 
tific data,  as  well  as  of  the  micro- 
scope ;  but  we  shall  not  be  the  less 
indebted  to  M.  Pasteur  for  having 
entertained  the  happy  idea  of  apply- 
ing his  researches,  first  undertaken 
from  high  and  purely  theoretical 
views,  to  the  benefit  of  a  branch  of 
industry  so  widespread  as  that  of 
the  manufacture  and  preservation 
of  wines. 


Although  the  variability  in  a  spe- 
cies is  considered  by  some  natural- 
ists to  be  unlimited  in  extent,  yet  in 


the  case  of  man  the  races  to  which 
it  has  given  rise  are,  some  of  them 
at  least,  so  characterized  and  fixed 
as  to  have  been  regarded  by  cer- 
tain ethnologists  as  distinct  spe- 
cies. Now,  however,  the  impression 
exists,  and  in  this  there  is  very 
general  agreement,  that  only  one 
single  species  should  be  admitted 
for  the  human  race,  fiut  this  very 
intricate  and  difficult  question  still 
remains  to  be  solved  :  Do  the  dif- 
ferent human  races  spring  from  one 
and  .the  same  stock  very  widdy 
modified,  or  were  they  distinct  at 
their  origination  ? 

The    perplexity    we    experience 
in  giving  a  satisfactory  answer  to 
this  query  must  cause  us  to  wel- 
come with  the  most  lively  interest 
all  observations  which  are  able  to 
throw  any  light  upon  it;   and  in 
this  view  we  shall  here  refer  to  the 
researches   that  M.   Tremaux  has 
just  laid   before  the  Academy  of 
Sciences,  for  the  purpose  of  showing 
that  in  spite  of  the  most  distinctive 
characteristics    which    appear    to 
divide  these  races,  they  may  still 
merge  one  into  another.    M.  Tre- 
maux was  induced,  by  a  concurrence 
of  private  events,  to  undertake  a 
long  expedition  towards  the  source 
of  the  Nile,  and  whilst  there  he  was 
led   to    make    some  observations, 
the    results  of  which,  if  they  are 
confirmed  by  subsequent  inquiry, 
will  become  of  very  material  value. 
Se  has  remarked  that  the  physical 
characteristics  of  the  white  races 
are  changed  into  those  of  the  black 
to    the    south    of   the   mountains 
of  Upper  Egypt,  and  that  on  the 
other  hand  the  black  races  become 
white  towards  the  north.     In  deli- 
neating upon  a  map  the  position 
of  the  peoples  of  the  Soudan,  he  has 
drawn  tortuous  lines,  representing 
promontories,  gulfis,  and  islands,  as 
the  limits  of  the  various  tribes,  and 
corresponding  to  the  variations  in 
the  tribes;  and  he  has  found  that 
this  map,  originally  intended  only 
to  give  an  idea  of  the  ethnocn^phy, 
has   proved  in    reality  to  be   the 
geological  map  of  these  countries. 
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This  result,  very  curious  in  itself, 
led  him  on  very  naturally  to  inquire 
whether  some  relation  might  not 
exist  between  the  nature  of  the  soil 
and  the  physical  forms  of  the  in- 
habitants. M.  Tremaux  has  not 
failed  to  prosecute  this  line  of  re- 
search, and  by  comparing  the  facts 
gleaned  from  science  concerning  the 
geology  of  different  points  of  the 
globe,  with  the  well-known  charac- 
ters of  the  people  there  resident, 
he  has  been  led  to  the  conclusion 
that  remarkable  coincidences  exist 
between  the  geological  formations 
and  the  human  types.  The  man 
who  differs  most  widely  from  our 
present  white  type,  lives  on  the 
soils  of  oldest  formation,  whilst 
he  whom  we  mav  regard  as 
the  most  perfect,  belongs  to  those 
countries  which  in  the  smallest 
space  exhibit  the  greatest  variety 
of  soiLi,  and  appertaining  to  the 
most  modem  deposits.  The  obser- 
vations of  M.  Tremaux  cannot  easily 
be  verified ;  for  long,  costly,  painful, 
and  even  dangerous  journeys  would 
be  imperative;  but  the  attention 
of  those  travellers,  who  are  also 
naturalists,  may  well  be  directed  to 
the  opinions  which  he  advances. 
For  they  have  this  especial  pecu- 
liarity (one  rarely  to  be  met  with  in 
science)  that  they  are  not  the  result 
of  preconceived  ideas,  and  that  the 
author  has  only  been  induced  to 
give  them  to  the  world,  because,  so 
to  speak,  he  was  compelled  to  yield 
to  the  evidence  of  facts  which  pre- 
sented themselves  before  him  whilst 
engaged  in  a  totally  different  pursuit. 
His  conclusions  tend  to  show 
what  influence  the  dwelling  upon 
certain  soils,  or  in  certain  localities, 
would  have  upon  the  physical  cha- 
racteristics of  man  ;  an  influence, 
which,  if  fully  demonstrated,  would 
explain  how  the  white  man  has 
become  so  modified  as  to  produce 
the  type  from  which  he  most  widely 
differs,  the  Negro  —  namely,  by 
coming  to  inhabit  those  countries 
where  the  soil  has  been  formed 
from  the  earliest  deposits .  and 
how  the  Negro,  on  his  side,  has 


been  able  to  reach  the  white  type, 
viz.    by    emigrating   to    countries 
formed  from  soils  varied  in  cha- 
racter, and  of  recent  origin.     We 
repeat,  it  is  necessary  to  confirm, 
these  conclusions,  and  it  would  be 
as  imprudent  to  accept  them  with.- 
out  reserve  as  it  would  be  to  reject 
them   without    di^e    investigation. 
The    inquiry    is    full    of  interest, 
not  only  so  far  as  the  philosophy  of 
science  is  concerned  (for  it  is  in- 
timately linked  with  the  question 
of  mutabihty  of  species),  but  also  in 
connection  with  the  progress  of  the 
natural  history  of  man,  with  which 
we  are  now  so  actively  employed. 


Naturalists  will  certainly  not  have 
forgotten  the  sensation  which  was 
created  last  year  by  the  presen- 
tation to  the  Academy  of  Sciences 
by  M.  de  Quatrefages  of  a  human 
jawbone  found  in  the  quaternary 
deposit  of  the  Somme  by  M.  Bou- 
cher de  Perthes.  Incredulity,  dis- 
dain, and  irony  greeted  the  new 
discovery  of  the  learned  and  now 
celebrated  archaBologist  of  Abbeville, 
as,  indeed,  it  had  been  the  case  with 
his  earlier  announcements. 

Very  shortly  afterwards  a  sort  of 
scientific  congress  met  at  MouHn 
Quignon,  to  decide  whether  the  fam- 
ous jawbone  found  in  this  locality 
were  really  authentic  and  contempo- 
rary with  the  deposits  where  traces 
of  human  industry  had  been  recog- 
nized side  by  side  with  huge  fossil 
mammalia.  How  the  conditions 
are  now  changed  1  how  far  we 
are  removed  from  that!  lo-day 
every  one  is  convinced;  and  aU 
listen  eagerly  to  any  new  communi- 
cation relatmg  to  the  drift  which 
attests  the  antiquity  of  man.  Such 
evidences  it  is,  indeed,  easy  to  find 
in  a  country  which,  like  France,  is 
rich  in  the  indications  of  the  very  re- 
mote existence  of  an  aboriginal  race. 

The  traveller  who  departing  from 
Paris  for  the  plains  of  the  Garonne, 
follows  the  line  of  the  central  rail- 
way of  France,  cannot  fail  to  be 
struck   in    the   neighbourhood   of 
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are  constantlj  addressed  to  the 
Academy,  has  protested  against 
this  coDclusion.  For,  says  he,  the 
more  convincing  the  demonstration 
of  the  existence  of  the  reindeer 
becomes,  precisely  in  the  same  de- 
gree is  the  insufficiency  declared  of 
the  supposed  proofs  of  the  long- 
past  coexistence  of  man  and  the 
elephant  (E.  primigenius). 

The  learned  and  well-known 
French  geologist  cannot  admit  this 
contemporary  existence,  despite  the 
facts  and  the  proofs  which  seem  to 
be  accumulating  both  in  number 
and  weight.  M.  de  Vibray,  whose 
opinion  is  above  suspicion,  since, 
as  he  says  himself,  he  had  at  first 
been  a  sceptic,  has  also  just  brought 
forward  some  proofs,  having  felt 
himself  obliged  to  ^ield  to  the  evi- 
dence adduced.  M.  de  Lastic  has 
discovered  in  the  grotto  of  Bnmi- 
quel  (Aveyrou)  a  prodigious  quan- 
tity of  t)one8  of  the  reindeer,  of  the 
horse,  &c.,  mingled  with  human 
bones,  and  with  objects  carved  in 
the  form  of  arrows. 

MM.  Garrigou,  Martin,  and  Tru- 
tat,  after  examining  the  debris 
of  the  human  jawbones  found  at 
Bruniquel,  have  oelieved  themselves 
warranted  in  coming  to  some  gene- 
ral conclusion ;  and  in  saying  that 
the  three  jawbones  (humcm)  found 
in  the  quaternary  deposits  are  to 
be  referred  to  the  brachycephahc 
type,  although  they  have  been  met 
with  in  different  localities  by  the 
side  of  the  cavern-bear  in  the  cave 
of  Aurignac,  now  rendered  famous 
by  the  tombs  and  the  traces  of 
funeral  festivals  described  bv  M. 
Lartet ;  by  the  side  of  the  elephant 
at  Mouliu-Quignon,  and  along  with 
the  reindeer  at  Bruniquel.  Man 
then  having  Uved  at  different  dates 
with  animals  of  varioxis  species,  ap- 
pears not  the  less  to  have  retained 
his  brachycephahc  type. 

In  the  grotto  of  Lourdes,  already 
explored  by  MM.  Lartet  and 
Milne-Edwards,  below  the  layers  in 
which  these  gentlemen  had  deter- 
mined the  proofs  of  the  coexistence 
of  man  (stone  age)  and  of  the  rein- 


deer ;  there  should  be  found,  ac- 
cording to  a  recent  communication 
from  MM.  Garrigou  and  Martin, 
still  deeper  deposits  in  which  the 
coexistence  of  man  and  of  the 
aurochs  wonld  be  obvious.  In  a 
similar  grotto  we  can  then  meet 
with  the  traces  of  two  distinct  ages 
superposed,  one  above  the  other. 

MM.  Garrigou  and  Martin  have 
such  confidence  in  the  succession  of 
these  ages,  that  in  reference  to  the 
cavern  of  the  valley  of  Espalungue, 
they  put  forward  this  positive 
opinion,  that  in  order  to  find 
in  this  locality  the  traces  of 
the  coexistence  of  man,  of  the 
cavern-bear,  and  of  the  elephant 
(£.  primigenius),  the  search  should 
be  made  above  the  cavern,  if  it  is 
to  be  attended  with  any  chance  of 
success. 

This  question  of  the  antiquity  of 
man,  only  recently  so  much  con- 
troverted, is  making,  as  it  will  be 
seen,  great  and  rapid  progress.  We 
have  not  mentioned  all  the  labours 
undertaken,  and  all  the  communica- 
tions made  in  France,  but  we  may 
well  jndge  from  those  which  have 
been  referred  to,  that  French  geolo- 
gists have  fully  appreciated  the 
task  which  they  had  to  fulfil,  and 
they  are  giving  themselves  with  a 
praiseworthy  ardour  to  the  study 
of  the  soil  of  their  country,  so  rich 
in  matters  relating  to  races  now 
extinct. 

We  could  not  close  our  notice 
without  acknowledging  the  readi- 
ness MM.  Lartet  and  Christy  have 
shown  to  communicate  their  dis- 
coveries in  the  P^rigord  to  the 
scientific  world.  After  having 
placed  specimens  of  the  highest 
value  from  their  excavations  in  the 
museum  of  P6rigueux,  in  that 
of  Paris,  and  having  reserved  one 
specially  important  example  for 
the  museum  which  is  being  pre- 
pared in  the  Chateau  de  St.  Ger- 
main to  receive  the  beautiful  col- 
lections presented  by  M.  Boucher 
de  Perthes,  and  which  will  be  ex- 
clusively set  apart  for  illustrations  of 
the  history  of  the  antiquity  of  man  ; 
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propelling  slot.  The  latter  may  be 
placed  with  a  greater  or  less  slope^ 
so  as  to  actuate  either  one,  two, 
three,  or  four  teeth  in  the  ratchet- 
wheel,  and  thus  to  move  the  screw 
more  or  less  quickly. 

Figure  4  represents  a  machine 
intended  for  quarries  of  every  de- 
scription, and  Figure  5  is  for  sinking 
perpendicular  shafts. 

With  regard  to  the  whole  ma- 
chine, I  may  add  that  the  carriage 
frame  is  provided  with  a  propelling 
gear,  to  draw  it  to  or  from  the  face 
of  the  rock  to  be  acted  on  at  inter- 
vals required  for  blasting.  The 
various  moving  gears  are  so  ar- 
ranged that  one  man  can  draw  and 
adjust  the  borers  to  work  in  the 
necessary  direction  in  a  few  mo- 
ments ;  and  the  machine  may  be 
worked  either  by  compressed  air, 
steam,  or  water,   the  first-named 


being  preferable  in  tunnels,  as  the 
escape  air  provides  ventilation.  In 
case  steam  is  used  for  quarries  and 
perpendicular  shafts,  it  is  provided 
with  a  condensing  apparatus,  and 
the  condensed  water  is  injected  into 
the  holes  at  every  stroke,  whereby 
these  are  kept  clean.  The  machines 
are  constructed  with  carriage  frames 
of  different  forms,  so  as  to  adapt 
them  for  driving  incline  levels, 
adits,  tunnels,  perpendicular,  slope- 
face,  and  flat  surface  of  quarries, 
open  cuttings,  &c.  ;  and,  according 
to  recent  trials,  we  have  been  en- 
abled to  bore  holes  with  them  in 
hard  rocks  at  the  rate  of  two  to  four 
inches  per  minute. 

I  trust  this  brief  account  may  be 
deemed  interesting  to  your  readers. 

Qeobge  Low. 
Nevjarh-oii"  Trent  y 
June,  1864. 
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From  Mr.  John  Murray:— 

Metallttbot  :  the  Art  of  Extracting  Metals  from  their  Ores,  and  adapting 
them  to  Tarious  Purposes  of  Manu&cture.  By  John  Percy,  M.D.,  FJS.S. 
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ORIGINAL   ARTICLES. 


ON    RADIANT    LIGHT    AND    HEAT. 

By  Balfour  Stewart,  M.A.,  F.R.S. 

While  the  progress  of  knowledge  more  and  more  reveals  the  intimate 
relationship  which  subsists  between  different  truths,  it  may  nevertheless 
be  sometimes  expedient  to  set  apart  for  separate  consideration  some 
field  of  science  possessing  a  boundary  line  which  is  perfectly  natural 
and  definite.  The  subject  of  our  choice  has  this  advantage.  We  all 
know  that  heated  bodies  give  out  a  species  of  influence  capable  of 
traversing  space  with  enormous  velocity,  and  in  virtue  of  which  the 
eye  is  enabled  to  perceive  the  sun  and  stars.  Science  further  informs 
us,  that  such  bodies  emit  also  non-luminous  rays,  some  of  which  have 
a  chemical  virtue,  and  all,  including  also  the  luminous  ones,  have  the 
power  of  heating  those  substances  upon  which  they  fall  and  whereby 
they  are  absorbed. 

The  remarks  we  are  now  about  to  make  are  capable  of  extension 
to  the  whole  of  this  complex  radiation,  but  we  have  preferred  to 
embrace  them  under  the  term  Radiant  Light  and  Heat, — a  title  which, 
although  not  complete,  yet  recalls  those  properties  of  rays  with  which 
we  are  most  fSamiliar. 

Our  limited  space  will  not,  however,  permit  of  our  discussing 
more  than  one  of  the  many  interesting  problems  presented  by  this 
subject  for  our  consideration. 

An  idea  very  generally  adopted  until  lately,  was  that  which  regards 
a  limiinous  body  as  discharging  through  space  innumerable  particles 
of  exceedingly  small  magnitude  with  ti^e  amiost  incredible  velocity  of 
nearly  200,000  miles  per  second.  But  objections  of  a  very  formidable 
nature  have  gradually  gathered  around  this  view,  until  it  has  been 
generally  abandoned,  and  light  is  now  rather  considered  as  an  undulation 
which  is  propagated  in  all  directions  from  a  luminous  centre,  through 
some  very  attenuated  medium  pervading  space.  Accepting  this  view 
of  the  case,  let  us  now  briefly  inquire  into  the  nature  of  these  waves, 
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sncli  an  arrangement.  Now,  let  a  ray  of  light,  as  in  Fig.  2,  strike 
obliquely  against  the  side  of  the  prism,  enter  it,  and  pass  through. 
It  will  be  greatly  deflected  by  this  process*  so  that  its  line  of  exit 
will  differ  very  much  in  direction  from  that  of  incidence.  This  is 
sufficiently  well  shown  in  our  figure,  but  there  is  yet  something  more. 
All  rays  are  bent,  but  rays  of  one  colour  are  deflected  differently 
from  those  of  another.  K,  now,  the  ray  which  impinges  upon  the 
prism  bo  a  single  one  of  white  light,  that  which  leaves  it  will  be  no 
longer  a  single  ray,  but  rather  a  pencil  of  rays,  in  which  we  shall 
obtain,  in  a  separated  condition,  ill  those  colours  which  together 
constitute  white,  because  each  one  has  been  bent  in  a  different 
direction. 

We  may  now  easily  comprehend  what  is  meant  in  optics  by  the 
term  "  Spectrum.'*  In  order  to  do  so  let  us  recall  before  us  the  orcQnary 
photographic  camera,  not  however  to  be  used  in  obtaining  the  likeness 
of  a  landscape  or  of  a  friend's  face,  but  only  that  of  a  slit  illuminated 
by  white  Ught.  If  our  arrangement  be  the  ordinary  one,  we  shall  of 
course  obtain  as  an  image  on  tiie  screen  which  is  placed  in  the  focus 
of  the  camera  a  single  line  of  light ;  but  if  we  interpose  a  glass  prism 
between  the  illuminated  slit  and  its  image,  each  individual  colom* 
which  goes  to  form  white  light  will  be  bent  in  a  different  direction  by 
this  prism,  and  will  give  rise  to  an  image  that  will  be  thrown  upon  a 
different  part  of  the  screen.  Instead  therefore  of  having  one  image  of 
the  slit  of  light  upon  the  screen,  we  shall  in  reality  obtain  a  number, 
each  having  its  appropriate  colour.  The  image  will,  in  truth,  form  not 
a  line  at  aU,  but  rather  an  oblong  space  differently  ooloured  at  each 
part.  This  oblong  illuminated  coloured  space  is  cidled  a  *'  spectrum ;" 
and  if  the  line  of  light  whose  image  we  are  viewing  be  that  which 
proceeds  .from  a  sHt  illuminated  by  tibie  sun,  then  we  shall  obtain  the 
solar  spectrum. 

Let  us  arrange  so  that  those  rays  which  are  least  bent  may  lie  to 
the  left,  and  those  most  bent  to  the  right,  and  we  shall  then  have 
colours  proceeding  in  the  following  order  from  left  to  right :  viz.  red, 
orange,  yellow,  green,  blue,  indigo,  violet.  Bed  therefore  is  the  least, 
and  violet  the  most,  refrangible  ray  ;  but  at  the  same  time  the  wave- 
length is  greatest  towards  the  left,  that  of  red  being  about  ttW, 
while  that  of  violet  is  only  ^r^  of  an  inch.  We  thus  see  that  light- 
waves are  extremely  snuJl  as  compared  with  those  of  sound,  and 
also  that  there  is  hardly  one  octave  comprehended  in  the  visible 
spectrum,  since  the  wave-length  of  violet  is  rather  more  than  half  that 
of  red. 

But  while  this  embraces  the  whole  of  the  visible  solar  spectrum, 
we  yet  know  by  means  of  the  thermometer  that  there  is  a  very  con- 
siderable heating  effect  to  the  left  of  the  red,  thus  denoting  the  presence 
of  invisible  rays ;  and  we  likewise  know,  through  certain  experiments 
which  we  cannot  here  detail,  that  the  spectrum  extends  veiy  much  to 
the  right  of  the  violet,  the  invisible  region  in  this  direction  being 
chemically  powerful  although  its  heating  effect  is  but  small.  Wo 
now  come  to  a  veiy  curious  iauaiy  first  pointed  out  by  our  countiyman 
Wollaston  and  afterwards  by  Fraunhofer.     It  is  found  that  the  solar 
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Towards  the  latter  part  of  last  century  Professor  Fictet,  of  Oeneya, 
performed  a  curions  experiment  which  appeared  to  prove  the  reflexion 
of  cold.  He  placed  two  polished  metallic  concave  reflectors  facing 
one  another,  as  in  Figure  5,  and  while  in  the  focus  of  the  one  he 
put  a  thermometer,  in  that  of  the  other  he  placed  a  lump  of  ice,  the 
eflect  of  which  was  to  lower  the  temperature  of  the  thermometer. 
At  first  sight  this  result  would  seem  to  indicate  that  cold  is  some- 
thing more  than  a  mere  negation,  and  indeed  that  it  is  an  influence 
susceptible  of  radiation  and  reflexion  in  the  same  manner  as  heat.  It 
soon,  however,  occiured  to  Professor  Pierre  Prevost,  of  Geneva,  that 
this  was  by  no  means  a  necessary  conclusion,  and  this  sagacious 
reasoner  proposed,  as  an  explanation  of  the  experiment,  the  theory  of 
Exchanges,  or,  as  he  termed  it,  a  movable  equilibrium.  In  order  to 
comprehend  this  definition,  let  us  suppose  that  we  have  a  room  walled 
in  on  every  side,  and  that  its  walls,  including  the  floor  and  ceiling, 
have  the  temperature  of  60^  Fahrenheit.  Now  in  whatever  part  of 
such  a  room  a  thermometer  is  placed,  it  will  ultimately  attain  the 
temperature  of  the  walls ;  that  is  to  say,  it  will  indicate  60°  Fahrenheit, 
after  which  the  mercury  will  neither  rise  nor  &11,  and  there  will  be 
an  equilibrium  of  temperature.  When  this  has  happened  one  of  two 
things  must  be  taking  place.  Either  the  thermom^r  does  not  give 
out  radiant  heat,  or  if  it  does  it  receives  back  continually  just  as  much 
as  it  gives  out.  Prevost  supposes  the  latter  to  be  the  case,  and  that 
all  bodies  even  of  the  same  temperature  are  continually  giving  out 
heat  to  one  another,  and  receiving  in  return  just  as  much  as  they  give 
out.  Therefore,  according  to  his  theory,  a  body  will  fall  in  temperature 
when  it  radiates  or  gifes  out  more  heat  than  it  absorbs,  its  temperature 
will  be  constant  when  the  radiation  and  absorption  are  equal,  and  will 
rise  when  the  absorption  is  greater  than  the  radiation. 

Let  us  now  see  how  this  idea  will  explain  Pictet's  experiments. 
By  this  theory,  although  the  bulb  d  is  of  the  same  temperature  as  the 
reflector  e  f,  yet  there  is  a  constant  interchange  of  heat  between  them. 
Hence  rays  of  heat  will  leave  the  bulb  in  the  direction  d  b  and  d  f, 
and  these  will  finally  be  reflected  upon  a.  The  body  a  is  however 
giving  out  rays  in  return,  which  finally  fidl  upon  d.  But  since  a  is 
colder  than  d,  the  rays  which  leave  d  and  fall  upon  a  are  more  intense 
than  those  which  leave  a  and  fall  upon  d.  The  consequence  of  this 
will  be  that  on  the  whole  there  will  be  a  transference  of  heat  from  d 
to  A,  and  the  temperature  of  the  thermometer  will  fall.  And  this 
transference  from  d  to  a  will  be  just  as  much  intensified  by  the 
reflectors  as  that  from  a  to  d  would  have  been  had  a  been  hotter 
instead  of  colder  than  d. 

Thus  we  see  how  easily  the  observation  of  Pictet  is  accounted  for 
by  the  principle  of  exchanges — a  principle  which  soon  exhibited  aU 
the  marks  of  a  true  theory  by  explaining  facts  as  they  were  elicited  by 
experiment,  and  at  the  same  time  by  suggesting  new  truths,  in  which 
latter  aspect  more  especially  it  has  been  of  very  signal  service  to 
science.  But  it  is  not  our  intention  to  give  the  history  of  this  problem ; 
let  us  rather  remark  its  more  interesting  and  important  applications. 
Let  us  for  this  purpose  imagine  a  red-hot  chamber  having  the  tern* 
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perature  of  1,000°  Fahrenheit,  the  sides  of  which  are  composed  of 
every  variety  of  substance  from  polished  met^l  to  lamp-black.  Let 
US  place  in  this  room  a  suitable  instrament  for  measuring  temperature 
— cidl  it  a  thermometer — it  is  clear  that  in  whatever  part  of  the  room 
we  place  this  instrument  it  will  always  denote  1,000°,  since  all  the 
walls  are  of  that  temperature.  Let  us  bring  our  thermometer  near  to 
the  polished  metal,  it  will  still  denote  1,000^.  Now  the  rays  which 
reach  the  thermometer  from  the  polished  metal  are  twofold.  First, 
there  are  those  given  out  by  the  metal  itself  since  it  is  red  hot ;  and 
secondly,  there  are  those  which  it  reflects  from  the  lamp-black  surface 
beside  it.  But  this  twofold  supply  of  heat  from  the  polished  metal, 
partly  given  out  and  partly  reflected,  will  be  too  miich  for  the  ther- 
mometer, unless  it  happens  that  the  metal,  in  virtue  of  the  heat 
which  it  reflects,  gives  out  so  much  less  on  its  own  account.  This  is 
found  to  be  the  case,  and  it  is  very  easy  to  convince  ourselves  by 
experiment  that  a  refliecting  body  when  heated  gives  out  little  light. 
Let  us  take  a  piece  of  platinum,  partly  polished  and  partly  tarnished, 
heat  it  to  a  white  heat  and  then  immediately  examine  it  in  the  dark. 
We  shall  find  that  the  polished  portion  is  much  less  luminous  than 
the  tarnished.  Or,  in  like  manner,  let  us  heat  some  lead  or  tin  to  a 
good  red  heat,  and  then  take  the  vessel  containing  it  into  the  dark ; 
if  we  skim  its  surfAce  with  a  redrhot  iron  spoon  we  shall  find  that  the 
heated  metal  underneath  is  much  less  luminous  than  the  dross.  Wo 
may  vaiy  the  experiment  by  hating  a  piece  of  porcelain  of  a  black 
and  white  pattern,  and  examining  it  in  the  same  manner,  when  we 
shall  find  that  the  black  is  much  more  luminous  than  the  white,  the 
reversal  of  the  pattern  producing  a  very  curiou%  effect. 

But  let  us  return  again  to  our  chamber,  and  now  suspend  in  a 
vertical  position,  near  one  of  the  walls,  a  sheet  of  transparent  colour- 
less glass,  leaving  it,  of  course,  for  a  sufficient  length  of  time  to 
enable  it  to  acquire  the  temperature  of  the  chamber.  Let  us  place 
our  thermometer  in  front  of  this  plate.  Now,  the  plate  being  ^ans- 
parent  will  permit  to  pass  through  its  substance  aU  the  red  heat  from 
the  wall  behind  it :  if,  in  addition  to  this,  it  gave  out  a  great  deal  on 
its  own  account,  we  should  have,  just  as  in  the  previous  case,  a 
twofold  supply  of  heat  falling  upon  the  thermometer,  so  that  its 
temperature  would  rise  above  that  of  the  chamber.  Since  this  cannot 
be  the  case,  it  follows  that  transparent  glass  will  give  out  very  little 
red  light  on  its  own  account  when  heated  to  redness.  We  may  verify 
this  for  ourselves  by  taking  various  pieces  of  glass,  some  colourless, 
and  others  more  or  less  coloured ;  let  us  heat  them  to  a  good  red 
heat,  and  examine  them  in  the  dark.  It  will  then  be  found  that  a 
colourless  piece  gives  out  very  little  light,  while  a  highly-coloured  or 
opaque  specimen  gives  out  very  much.  The  law  may  be  stated  thus : — 
a  body  which  absorbs  much  heat  will  also  give  out  much  on  its 
own.  account  when  heated. 

But  one  important  fact  yet  remains  behind.  Let  us  revert  to  the 
plate  of  glass  suspended  in  the  red-hot  chamber,  and  suppose  this 
plate  to  be  of  such  a  colour  as  to  stop  aU  the  red  rays  that  reach  it 
from  the  wall  behind.     We  have  already  seen  that,  if  it  stops  a  good 
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many  rays,  it  will  give  out  a  good  many.  We  have  fiiriher  to  observe, 
that  the  rays  it  gives  out  must  be  precisely  of  the  same  kind  as  those 
which  it  arrests :  it  stops  the  red  rays.  Now,  if  it  give  out  dark  heat, 
but  not  red,  then,  looking  towards  the  glass,  we  shall  get  no  light  from 
it,  since  it  stops  the  red  rays  from  behind,  and  gives  out  none  of  its 
own.  But  this  is  evidently  impossible  in  a  red-hot  chamber,  for 
universal  experience  teaches  us,  that  any  substance  lefb  in  such  a 
chamber  will  ultimately  appear  red  hot.  If,,  therefore,  the  glass  be 
of  such  a  nature  as  to  stop  any  particular  ray  of  light  or  heat,  it  will, 
when  at  a  high  temperature,  give  out  on  its  own  account  that  very 
ray.  This  may  be  exemplified  by  several  very  simple  experiments. 
Take  a  piece  of  ruby  glass,  coloured  with  gold.  This  glass,  as  its 
name  sufficiently  denotes,  allows  all  the  red  rays  to  pass,  but  stops 
the  green.  Heat  it  in  the  fire  to  a  good  heat,  and  examine  it  in 
the  dark,  when  it  will  be  found  to  give  out  greenish  rays.  On  the 
other  huid,  green  glass  (which  stops  red  rays)  will,  when  heated, 
give  out  a  dark-red  light.  These  curious  facts  may  be  noticed  at 
any  place  where  coloured  glasses  are  spun.  Another  good  illustra- 
tion of  this  law  is  obtained  by  putting  a  number  of  differently- 
coloured  glasses  into  the  fire,  and  it  will  be  found  that  they  all 
appear  to  lose  their  colour  when  they  become  of  the  same  temperature 
as  the  coals  around  them.  Not  that  the  glasses  have  changed  their 
nature  in  the  least,  for  the  red  glass  still  stops  the  green,  and  the 
green  glass  the  red  rays,  from  the  coals  behind  ;  but  each  ^ass  gives 
out,  on  its  own  account,  precisely  those  rays  which  it  stops,  so  that 
the  light  (transmitted  and  radiated  together)  which  comes  from  the 
glass  is  just  the  same  as  would  have  come  from  the  coals  alone. 

Eirchhoff  has  beautifully  extended  this  law  to  those  individual  rays 
which  compose  the  spectra  of  luminous  bodies.  We  have  already 
stated  that  the  spectrum  of  sodium  consists  of  two  bright  lines  d,  and 
in  general  that  the  spectrum  of  a  heated  vapour  consists  of  bright 
lines  on  a  dark  ground.  Now,  if  instead  of  using  these  vapours  as  our 
source  of  heat,  we  use  them  in  a  comparatively  cold  state  as  a  screen, 
our  source  being  an  incandescent  solid  body  which  gives  out  all  rays, 
then  we  shall  find  that  each  vapour  stops  precisely  those  rays  which 
it  gives  out  when  heated.  Thus,  a  salt  flame,  or  incandescent  sodium, 
gives  out  the  double  line  d;  vapour  of  sodium  (when  cold)  also 
stops  the  same  line,  and  a  similar  rule  holds  for  all  vapours.  When- 
ever, therefore,  we  have  a  source  of  light  containing  all  rays,  but 
which  is  surrounded  by  an  atmosphere  of  metallic  vapours  at  a  low 
temperature,  each  of  these  vapours  will  stop  its  own  appropriate  rays, 
and  the  spectrum  of  such  a  system  will  exhibit  a  bright  ground  inter- 
sected by  dark  lines.  This  is  precisely  the  character  of  the  solar 
spectrum,  and  we  have  seen  that  one  of  its  lines,  namely  n,  is  that 
which  is  produced  by  the  absorptive  power  of  sodium  vapour.  We 
are  therefore  entitled  to  conclude  that  this  vapour  exists  in  the 
atmosphere  of  the  sun.  Again,  the  vapour  of  iron  gives  out  certain 
bright  lines  which  appear  as  dark  in  the  sun's  spectrum,  we  conclude 
therefore  that  iron  vapour  exists  there  in  a  comparcUivdy  cold  state ; 
and  in  like  manner  we  find  that  a  number  of  the  solar  lines  are  due  to 
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the  presence  of  nickel,  and  that  calcium,  magnesinm,  barinm,  copper, 
zinc,  all  well-known  substances,  are  suspended  in  the  atmosphere  of 
our  luminary.  By  a  similar  process,  sodium,  magnesium,  hydrogen, 
calcium,  iron,  bismuth,  tellurium,  antimony,  and  mercury,  have  been 
found  in  Aldebaran,  and  other  elements  in  other  stars. 

We  have  thus  arrived  at  the  wonderful  result  that  many  of  these 
substances  with  which  we  are  most  familiar  occur  also  in  the  sun  and 
stars,  and  the  great  law  which  has  led  us  to  this  conclusion  may  be 
stated  thus : — a  body  absorbs  those  very  rays  which  it  gives  out  when 
heated.  Let  us  now  see  if  we  have  not  a  similar  law  in  other  branches 
of  science.  When  a  musical  note  is  sounded  in  the  presence  of  a  string 
which  would  give  out  the  same  note,  the  string  catches  up  or  absorbs 
the  musical  note  in  order  to  give  it  out  on  its  own  account.  We  may 
place  the  two  laws  side  by  side  in  the  following  manner. 

A  body  when  cold  absorbs  the  ray  which  it  emits  when  heated. 
A  string  when  at  rest  catches  up  the  note  which  it  gives  out  when 
struck.  Nor  perhaps  are  we  without  an  indication  that  the  same 
law  holds  in  medicine.  Similia  similtbus  curantur  (like  cures  like^  is 
the  doctrine  of  a  certain  school ;  but  we  leave  homoeopathists  to  follow 
out  the  analogy  here  suggested. 

We  have  offered  these  observations  in  order  to  show  our  readers 
that  the  law  which  we  have  endeavoured  to  place  before  them  is  one 
whose  foundation  lies  very  deep  in  the  present  system  of  things :  and 
the  result  that  Eirchhoff  has  deduced  from  this  law  is  one  altogether 
worthy  of  its  greatness  ;  a  result  bringing  vividly  before  us  the  one^ 
nes8  of  the  universe,  inasmuch  as  it  discloses  the  prevalence  throughout 
the  solar  and  stellar  systems  of  those  very  forms  and  species  of  matter 
with  which  we  are  here  funiliar.  No  fsyct  hitherto  discovered  so 
much  exhibits  the  unity  of  creation — ^none  more  the  unity  of  the 
Creator  ;  and  thus  the  last  great  achievement  of  science  becomes  as  it 
were  a  comment  on  the  first  page  of  Sacred  History,  in  which  we  are 
told  that  "  He  made  the  stars  also." 


ON  THE  SOURCE  OP  LIVING  ORGANISMS. 

By  Jambs  Samuelson,  Editor. 

There  are  two  subjects  in  Natural  History  which,  more  than  any 
other,  attract  the  attention  of  modern  biologists, — the  Origin  of 
Species,  and  the  Source  from  which  the  lowest  known  Forms  of  Life 
are  derived;  in  other  words  (reversing  the  order  of  subjects),  the 
Beginning  of  Life,  and  its  Continuance. 

To  those  persons  who  have  followed  the  discussions  relative  to 
these  two  inquiries,  it  is  quite  obvious  why  they  should  simultaneously 
occupy  the  attention  of  the  scientific  world,  for  it  has  with  truth  been 
observed,  that  an  earnest  advocate  of  the  Darwinian  theory,  one  who 
teaches  that  every  living  form  is  and  has  been  the  result  of  a  modifi- 
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cation  of  some  lower  and  preceding  form  of  life,  bronght  abont  solely 
by  secondary  causes,  cannot  halt  midway  in  his  teaching,  and  be 
content  to  hold  that  life  began  with  four  or  five  primitive  types,  such 
as  he  may  be  able  to  trace  in  the  lowest  inhabited  strata ;  he  must 
carry  his  investigations  still  further,  and  must  account  satisfactorily 
for  the  appearance  of  life-endowed  beings  in  any  shape,  before  he 
can  be  said  to  have  fully  established  his  position. 

It  is  in  this  spirit  tiiat  the  inquiry  is  now  prosecuted ;  and  those 
who  take  a  deep  interest  in  the  subject,  do  so,  not  as  formerly,  for  the 
purpose  of  ascertaining  from  what  source  a  particular  group  or 
species  of  animals  is  derived,  but  with  an  earnest  desire  to  obtain 
some  knowledge  as  to  the  conditions  under  which  life  is  first  mani- 
fested on  the  earth's  surface.  Nor  is  the  consideration  of  the  subject 
confined  to  the  ranks  of  biologists  only,  for  some  of  the  most  important 
discoveries  have  already  been  made  by  chemists  and  physicists,  and 
it  is  more  than  probable  that  the  solution  of  the  problem  (should  that 
foUow  in  the  course  of  time)  will  be  due  to  the  joint  researches  of 
men  engaged  in  the  study  of  these  various  branches  of  science,  every 
one  of  which  cannot  fail  to  be  indirectly  benefited  by  the  investi- 
gation. 

Probably  the  attention  of  reflecting  observers  was  first  directed  to 
the  subject  of  the  origin  of  living  beings  through  the  mysterious 
appearance,  in  the  decaying  bodies  of  animals  and  elsewhere,  of  the 
larvflB  of  insects ;  and  the  earliest  treatise  of  any  note  on  the  subject 
was  most  likely  that  of  Eedi,  '  De  Greneratione  Insectorum,'  Amster- 
dam, 1686,  up  to  whose  time  it  was  currently  believed  that  decaying 
substances  became  converted,  during  their  decomposition,  into  insects 
and  some  other  forms  ranking  below  them  in  the  animal  scale.  This 
is  called  *'  spontaneous  generation.** 

After  the  publication  of  Bedi's  researches  on  the  mode  of  repro- 
duction in  insects,  the  theory  of  abnormal  generation  was  for  a  time 
discarded;  but  about  sixty  years  subsequently,  in  1745,  Needham 
revived  it  in  a  work  publii^ed  in  London,  entitled  'New  Micro- 
scopical Discoveries ;'  and,  on  the  other  hand,  about  fifty  years  after 
that,  another  observer,  Spallanzani,  an  Italian,  attempted  to  disprove 
the  existence  of  *'  spontaneous  generation  ^  by  experiments  and  philo- 
sophical induction.  He  sought  to  show  that  anunalculaB  which  make 
their  appearance  in  decaying  organic  substances  are  not  accidentally 
generated  by  the  reconstruction  and  reorganization  of  such  matters, 
but  that  their  ova,  or  germs,  exist  in  the  atmosphere,  and  being  con- 
veyed into  the  decaying  substances,  find  in  them  a  suitable  pabulum, 
and  thus  become  developed.  He  stated  that  if  the  air  is  excluded 
from  such  substances  no  animalculad  make  their  appearance. 

This  was  the  state  of  the  discussion  sixty  or  seventy  years  since ; 
and  although  considerable  progress  has  no  doubt  been  made  in  the 
inquiry,  the  field  of  research  being  necessarily  more  restricted  than 
formerly,  inasmuch  as  every  day  the  appearance  of  some  form  or 
other  is  accounted  for  without  any  appeal  to  '^  spontaneous  generation," 
still  the  elements  of  the  dispute  remain  much  the  same  as  they  were, 
and  the  chief  efforts  of  investigators  are  directed  to  the  proof  or 
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disproof  of  the  ezisience  of  the  germis  of  liying  beings  in  the  atmo- 
sphere. 

The  clearest  and  most  tangible  exposition  of  the  views  of  those 
who  formerly  advocated  the  Qieory  of  heterogenesis,  or  abnormal 
generation,  is  to  be  fomid  in  Todd  and  Bowman's  'Cyclopsedia  of 
Physiology,'  in  the  edition  published  in  1839  ;*  and  it  will  be  fomid 
useful  for  our  purpose  to  extract  some  of  the  writer's  remarks,  inasmuch 
as  they  will  show  the  student  of  to-day  how  the  recent  revelations  of 
science  have  struck  away,  one  by  one,  the  props  upon  which  the  doc- 
trine was  based,  and  have  so  reduced  l^e  inquiry  within  the  narrowest 
limits. 

'^  The  following  considerations  appear  to  us  to  throw  the  balance  of 
evidence  in  favour  of  the  spontaneous  production  of  infusoria^  mould,  and 
the  like.  Firstly,  those  organic  matters  which  are  most  soluDle  in  water, 
and  at  the  same  time  most  prone  to  decomposition,  give  rise  to  the 
greatest  quantity  of  animalcules  or  cryptogamic  plants.  Secondly,  the 
nature  of  the  animalcule  or  vegetable  production  bears  a  constant  relation 
to  the  state  of  the  infusion ;  so  that,  in  similar  circumstances,  the  same 
are  always  produced  without  this  being  influenced  by  the  atmosphere. 
There  seems  also  to  be  a  certain  progressive  advance  in  the  productive 
powers  of  the  infusion,  for  at  first  the  animalcules  are  only  of  the  smallest 
kinds,  or  monads,  and  afterwards  they  become  gradually  larger  and  more 
complicated  in  their  structure :  after  a  time  the  production  ceases, 
although  the  materials  are  by  no  means  exhausted.  When  the  quantity 
of  water  is  very  small,  and  the  organic  matter  abundant,  the  production 
is  usually  of  a  vegetable  nature ;  when  there  is  much  water,  animalcules 
are  more  frequently  produced.  Thirdly,  on  the  supposition  that  infiisory 
animalcules  are  developed  from  ova,  it  is  necessary  to  conclude,  from  the 
experiments  already  referred  to,  that  these  ova  are  in  some  instances 
derived  from  the  atmosphere  ;  but  yet  the  number  of  infusoria  is  by  no 
means  in  proportion  with  the  quantity  of  air.  We  are  also  reduced  to 
the  necessity  of  holding  that  every  portion  of  the  atmospheric  air  is 
equally  impregnated  with  infusorial  germs  or  ova,  and  that  these  bodies 
may  remain  for  years  dissolved,  as  it  were,  or  invisibly  suspended  in  the 
atmosphere,  and  in  a  perfectly  drv  state, — ^a  supposition  contrary  to 
analogy,  and  not  fully  warranted  by  the  fact  that  vibrioues  may  be  resus- 
citated by  means  of  moisture  after  they  have  been  kept  in  a  dry  state  for 
long  periods.  Fourthly,  it  may  be  remarked  that  the  existence  of  ova, 
as  belonging  to  many  of  the  infusoria,  is  entirely  hypotlietical,  since  most 
of  these  animals  are  known,  when  once  formed,  to  propagate  by  other 
means,  as  by  the  division  of  their  whole  bodies,  or  by  budding." 

If  the  writer  of  these  remarks  had  been  aware  when  he  penned 
them  (and  we  hope  he  still  lives  to  witness  the  results  of  scientific 
progress  since  his  observations  were  made),  that  the  same  general  laws 
which  regulate  the  growth  and  development  of  the  higher  animals 
are  found  to  operate  very  low  down  in  the  scale,  he  would  not  have 
leaped  to  such  conclusions.  The  rapid  increase  of  animalcules  in 
substances  "  most  prone  to  decomposition,"  would  merely  have  satisfied 
him  that  the  abundance  or  scarcity  of  living  forms  in  infusions  was 

*  In  which  the  student  will  also  find  additional  infoimation  concerning  the 
history  of  the  controversy. 
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in  proportion  to  the  amount  of  nonrishment  afforded  to  them ;  and  in 
the  appearance  of  certain  characteristic  types  in  particular  infosions, 
he  would  have  recognized  the  operation  of  the  law  which  causes  every 
plant  (speaking  in  general  terms)  to  be  peopled  by  its  appropriate 
parasite.  His  statement  that  the  same  animalcule  are  always  found 
in  similar  infusions,  is  however  only  partially  correct,  and,  as  it  will 
be  shown  hereafter,  is  far  from  being  a  correct  phenomenon. 

Next,  as  regards  the  "progressive  advance  in  the  productive  powers 
of  the  infusion,"  the  appearance  in  fact  of  successive  generations  of 
living  forms  rising  in  the  developmental  scale,  in  one  and  the  same 
infusion.  An  acquaintance  with  the  phenomena  of  the  '^  alternation 
of  generations,"  and  a  little  reflection  upon  the  fact  that  "  Monads  " 
may  grow  into  ciliated  infusoria  whilst  the  eyd  of  the  observer  is 
engaged  otherwise  than  in  their  examination,  would  have  materially 
shaken  the  writer's  faith  in  the  '*  productive  powers  "  of  the  infusion. 

The  researches  of  my  esteemed  coadjutor,  Dr.  Balbiani,  of  Paris, 
have  set  at  rest  the  question  of  the  existence  of  ova  in  the  infusoria, 
for  he  has  shown  that  in  addition  to  the  other  processes  by  which  they 
multiply,  these  forms  possess  also  the  sexual  elements  common  to  aU 
animals.* 

The  only  question,  therefore,  of  any  importance  to  which  a  satis- 
feu^ory  reply  is  required,  is  the  one  already  referred  to:  — Do  the 
germs  of  infusoria,  or  do  they  not,  exist  in  the  atmosphere  in  suf&cient 
quantities  to  account  for  their  entrance  into  infusions  ? 

Before  proceeding  to  consider  this  vital  question,  however,  it  is 
right  that  I  should  touch  upon  a  phenomenon  referred  to  by  the 
writer  in  "  Bowman"  in  another  part  of  his  article,  and  thrown  by 
him  into  the  scale  in  favour  of  the  theory  of  heterogenesis.  That 
is,  the  appearance  of  entozoa,  or  internal  parasites,  in  the  tissues 
(or,  as  he  says,  the  bodies)  of  living  animals.  This  is  really  a  most 
difficult  problem  to  solve,  but  we  never  hear  it  mentioned  at  the 
present  day  even  by  the  advocates  of  heterogenesis.  The  presence  of 
some  of  these  parasites  is  still  a  great  mystery,  on  which  a  partial  light 
only  has  been  thrown  by  the  recent  researches  of  zoologists  in  regard 
to  the  transformations  that  such  forms  undergo  in  their  passage  from 
one  animal  into  another,  from  the  prey  into  the  stomach,  and  then  into 
the  vascular,  or  other  systems  of  its  devourer.  As  already  observed,  the 
advocates  of  the  doctrine  under  consideration  do  not  now  affirm  that 
any  of  these  forms  are  spontaneously  produced  from  the  living  tissues 
in  which  they  are  found;  and  I  believe  that  at  no  very  distant 
period  their  presence  will  be,  in  all  cases,  fully  accounted  for. 

The  chief  investigators  who  have  recently  asserted  that  the 
germs  of  living  beings  do  not  exist  in  the  atmosphere,  or  that  they 
exist  only  in  such  small  quantities  as  to  render  it  impossible  that  the 
swarms  of  animalculsB  which  appear  in  infusions  should  be  derived 
from  that  source,  are — Messieurs.  Pouchet,  Jolly,  and  Musset 
(France) ;   Dr.  Jeffries  Wyman,  of  Boston  (America) ;   Schaffhausen 

*  *  Recherches  sor  les  Ph^nom^nes  sexuels  des  Infusoires,'  par  le  Docteur 
A.  Balbiani.    Paris  :  Maaeon.    1863. 
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I  (Germany) ;    and  Mantegazza  (Italy) ;    whilst  amongst  those  who 

{  maintain  that  the  atmosphere  is  the  chief  source  from  which  snch 

I  forms  spring,  are — Schultze  and  Schwann,  and  Schroeder  (Germany) ; 

ii  Pasteur  and  Quatrefages  (France) ;  and  there  are  many  other  biologists 

of  note  who  accept  t^e  latter  view,  but  whose  conclusions  are  Imsed 
rather  upon  induction  than  experiment. 

Taking  first  the  views  of  the  believers  in  heterogenosis,  we  have 
those  of  Dr.  Pouchet,  of  Eouen,  whose  investigations,  it  cannot  be 
denied,  have  been  very  elaborate  and  persevering.  He  finds  in  the 
dust  of  the  air,  *'  the  detritus  of  the  mineral  crust  of  the  earth,  animal 
and  vegetable  particles,  and  the  minutely  divided  debris  of  the  various 
articles  employed  in  our  wants  ; "  but  he  says  (after  narrating  what 
kind  of  animal  remains  he  has  found,  these  being  unimportant  in  our 
inquiry),  "  twice  only  in  more  than  a  thousand  observations,  have 
I  observed  one  of  those  large  ova  of  infusoria  having  a  diameter  of 
0,0150  m.m.,  denominated  by  naturalists  *  cysts.'"*  Amongst  the 
numerous  experiments  tried  by  Dr.  Pouchet,  in  order  to  satisfy  him- 
self that  the  "  ova "  of  infusoria  do  not  exist  in  the  atmosphere,  is 
the  following  if — 

*'  Bv  means  of  an  iuhaling  flask,  I  caused  100  litres  of  air  to  pass 
througn  a  safety  tube,  whose  bulb  contained  two  cubic  centiuietres  of 
distilled  water.  At  the  end  of  eight  days  I  was  unable  to  discover  a 
^  single  animalcule  or  ovum  in  this  small  quantity  of  water,  in  which  the 
latter  themselves  could  not  escape  observation,  now  that  they  have  been 
completely  described  and  measured,  and  are  well  known  in  several 
species.]!  On  the  contrary,  if  I  place  in  a  cubic  decimetre  of  distilled 
water  five  grammes  of  fermentable  substance,  sheltered  by  a  bell  glass 
having  a  capacity  of  one  litre,  at  the  end  of  eight  days,  and  at  a 
temperature  of  18^  0,  the  whole  surfiEU)e  of  the  water  is  occupied  by 
incalculable  myriads  of  animalcules." 

It  would  be  impossible  to  follow  Dr.  Pouchet  through  his  experi- 
ments, all  of  which  lead  him  to  the  conclusion  that  ^  spontaneous 
generation  "  is  the  sufficient  and  sole  explanation  of  the  appearance 
of  Protozoa  in  infusions ;  suffice  it  to  say  that  he  has  examined  the 
air  of  towns  and  of  mountain  heights,  the  dust  from  ancient  temples 
and  subterranean  sepulchres,  and  nowhere  has  it  yielded  him  the 
slightest  evidence  of  "  panspermie ;"  the  universal  diffusion  of  living 
germs. 

Of  Messieurs  Jolly  and  Musset  it  is  only  necessary  to  say,  that 
they  have  recently  been  the  coadjutors  of  Dr.  Pouohet,  and  that  they 
testify  fully  to  the  accuracy  of  his  statements.§ 

Leaving  for  a  time  the  ranks  of  the  champions  of  "  spontaneous 

*  'Comptes  Bendus,'  March  21,  1859:  translated  in  the  'Microscopical 
Journal,*  1860.  p.  130. 

t  Loc.  eit.  p.  134. 

X  I  presame  Dr.  Pouchet  refers  to  •*  cysts,"  for  Balbiani's  discoveries  were  not 
pul&shed  until  two  vears  afterwards. 

§  They  also  tried  some  independent  experiments,  which  will  be  found  described 
in  the  *  Microscopical  Journal,'  now  series  (1861),  p.  47,  to  prove  that  "  spon- 
taneous ^neration "  may  take  place  in  the  infusions  inserted  in  the  cavities  of 
fruits.  I  must  leave  the  consideration  of  these  to  scientific  judges,  but  do  not 
deem  them  sufficiently  important  for  transcription  here. 
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generation,"  we  Bhall  now  enter  those  of  its  opponents,  and  briefly 
consider  their  investigations. 

In  the  year  1837  two  German  obseryers,  Schultze  and  Schwann, 
endeavoured  to  show  that  the  germs  of  infusoria  do  exist  in  the 
atmosphere,  and  that  when  means  are  taken  to  destroy  these  germs 
before  the  air  in  which  they  are  suspended  reaches  the  infusion,  no 
animalculss  appear  in  it,  even  after  a  lapse  of  some  weeks.  By  means 
of  an  apparatus  consisting  of  a  flask  and  tube,  provided  with  bulbs 
which  contained  sulphuric  acid  and  caustic  potash,  they  submitted  the 
air  to  a  kind  of  purification  (from  animal  germs),  before  allowing  it  to 
play  upon  the  infusion ;  and  they  asserted  ^t  infusions  which  had  been 
subjected  to  the  influence  of  air  thus  treated,  showed  no  signs  of  animal 
life  even  after  two  months'  exposure,  whilst  others  that  had  been  freely 
exposed  to  atmospheric  influences  contained  innumerable  infusoria. 

More  recently,  Schroeder,  a  German  chemist,  arrived  at  the  same 
results  by  a  different. method,  and  one  that  appears  to  me  to  be  more 
conclusive ;  inasmuch  as  it  might  be  advanced  by  the  advocates  of  the 
theory  of  "  spontaneous  generation  "  that  the  same  chemical  and  physical 
agents  (for  in  some  cases  the  air  has  been  heated  to  an  extreme  degree) 
which  are  said  to  destroy  the  germs  of  living  forms  in  their  ji^ssage  to 
the  infusion,  might  also  render  the  atmosphere  unfit  to  sustain  life  on 
any  terms.  Schroeder  then*  filtered  the  air  by  passing  it  through 
cotton  wool,  and  found  that  when  infusions  which  had  been  previou^y 
boiled  were  exposed  to  the  atmosphere  thus  filtrated,  no  decomposition 
took  place.  This  result  he  believed  to  be  owing  to  the  fact  that 
ebullition  destroys  the  germs  which  would  otherwise  be  contained  in 
the  infusion,  whilst  the  cotton  wool  prevented  the  access  of  fresh  germs 
with  the  atmosphere.  In  this  manner  he  accounts  for  the  preservation 
of  fruits,  &c.,  which  are  boiled  and  then  covered  with  bladder  or  other 
materials  that  serve  to  filter  or  exclude  the  air. 

The  experiments  of  this  observer  (which  have  not,  I  think,  been 
sufficiently  acknowledged  by  those  who  have  availed  themselves  of  his 
experience)  I  have  myself  repeated  with  scrupulous  care,  and  the  result 
has  been  that  although  1  cannot  fully  confirm  what  he  says  in  regard 
to  the  entire  absence  of  Protozoa  in  infusions  which  have  been  protected 
by  cotton  wool,  yet  I  can  attest  that  their  numbers  and  proportions,  as 
compared  with  those  in  infusions  freely  exposed  to  the  atmosphere, 
have  been  so  insignificant  as  to  leave  me  in  no  doubt  as  to  the  truth 
of  the  general  principle  which  he  has  enunciated. 

We  now  come  to  the  researches  of  M.  Pasteur,  a  French  chemist 
of  great  celebrity,  upon  whose  experiments  such  stress  has  been  laid 
by  certain  English  and  French  biologists,  that  they  were  regarded 
as  having  given  a  deathblow  to  the  doctrine  of  "  spontaneous  gene- 
ration," and  to  have  proved  beyond  a  doubt  that  the  germs  of  protozoa 
are  held  suspended  in  the  atmosphere. 

Whilst  conducting  some  experiments  on  the  origin  of  ferments, 
M.  Pasteur  found  in  an  infusion  of  yeast,  "  certain  corpuscles,  whoso 
form,  volume,  and  structure  show  that  they  are  organized  after  the 

♦  *  Aiinalen  dcr  Cliemie  und  Pliannacic,'  vol.  cix.  p.  35. 
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manner  of  the  infusoria  or  of  the  spores  of  Mucidineas ;"  *  and  was 
induced  through  this  discovery  to  undertake  certain  experiments,  one 
of  which  we  &ad  thus  described  in  a  paper  read  before  the  Academy 
of  Sciences  if — 

"  In  a  series  of  flasks,  containing  250  cubic  centimetres,  the  author 
introduces  the  same  putrescible  liquid,^  in  quantity  sufficient  to  occupy 
about  a  third  of  the  total  volume  of  the  vessel.  The  necks  of  the  flasks 
are  drawn  out  in  the  spirit-lamp  and  the  liquid  is  made  to  boil,  the  slender 
extremity  of  the  neck  being  closed  during  ebullition.  A  vacuum  is  thus 
produced  in  the  flask.  He"  (the  experimenter)  '  *  then  breaks  off  the  points 
in  a  given  locality.  The  air  enters  with  violence,  drawing  along  with  it 
all  the  dusty  particles  it  may  hold  in  suspension,  and  all  the  principles, 
known  or  unknown,  associated  with  it.  The  flask  is  then  immediately 
closed  with  the  blowpipe,  and  placed  in  a  stove  heated  to  20°  or  30°  C. 
(70°  to  85°  Fahr.),  that  is  to  say,  in  the  best  condition  for  the  developiyient 
of  animalcules  and  mucores.  The  results  of  the  following  experiments  are 
not  in  accordance  with  the  principles  generally  admitted,  out  they  are 
perfectly  in  agreement,  on  the  other  hand,  with  the  idea  of  a  dissemicatiou 
of  germs.  In  most  cases  in  a  few  dajs  the  liquid  begins  to  decompose^ 
and  in  the  flasks,  although  they  may  be  placed  in  identical  conditions, 
organisms  of  the  most  varied  kinds  will  be  seen  to  arise,  far  more  varied, 
in  fact,  especially  as  regards  the  Mucidinese  or  Torulacese,  than  would  have 
been  produced  if  the  liquids  had  been  exposed  to  the  common  air.  But 
on  the  other  hand  it  often  happens  several  times  in  each  series  of  experi- 
ments, that  the  liquid  remains  absolutely  unaffected,  whatever  may  be  the 
duration  of  its  exposure  in  the  stove,  and  just  as  if  it  had  been  filled  with 
air  that  had  been  exposed  to  a  red  heat.*' 

M.  Pasteur  infers  from  the  latter  feu^,  that  it  is  possible  to  find  in 
certain  localities  a  given  quantity  of  air  which  contains  no  germs  ; — 
his  general  conclusion  being,  however,  as  the  reader  will  have  observed, 
in  &vour  of  a  diffusion  of  germs  through  the  atmosphere.  He  also 
tried  other  experiments,^  in  which  various  measures  were  adopted  to 
intercept  the  germs  in  their  passage  to  the  infusions  (on  a  similar 
principle  to  that  employed  by  Schrceder),  and  his  previous  conclusions 
were  verified  by  the  result8.§ 

But  Pasteur's  experiments,  satisfactory  and  conclusive  as  they  may 
have  appeared  to  some  naturalists,  have  by  no  means  passed  unchal- 
lenged. Dr.  Jef&ies  Wyman,  of  Boston,  repeated  them,  as  well  as 
those  of  Schulze,  with,  as  he  affirms,  precisely  the  opposite  results ; 
and  found  that  in  cases  where  every  precaution  had  been  taken  to 
exclude  germs  from  his  infusions,  they  made  their  appearance  after  a 
few  days.  The  vessels  were  opened  in  the  presence  of  Professor  Asa 
Qray,  and  in  them  were  found  chiefly  the  very  lowest  known  forms ; 

*  *  Comptes  Rendus/  May  7, 1860  :  translated  in  the  '  Microeoopical  JoumaJ/ 
1860,  p.  255. 

t  '  Comptes Bendus,'  Sept.  3, 1860 :  translated  in  tlie  'Microscopical  Journal/ 
April,  1861. 

X  Albuminous  water  from  the  yeast  of  beer ;  albuminous  water  containing 
sugar,  urine,  &c. 

§  He  even  went  so  far  as  to  "  sow  *'  the  germs  int^cepted  by  cotton  wool  in 
infuBions  which  had  before  been  unproductive  of  infusoria,  and  stated  that  animal- 
culaa  then  made  their  appearance. 
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but  mention  is  made  also  of  ^' colpoda-like  bodies,  having  ciliary 
motion." 

Still  more  recently,  too,  a  trustworthy  observer  at  Oxford,  Dr. 
Gilbert  W.  Child,  communicated  to  the  Boyal  Society  the  account  of 
a  series  of  experiments,  twenty  in  number,  performed  with  various 
infusions  and  a  great  variety  of  gases;  and  although  the  author 
modestly  states  tibat  no  definite  conclusion  can  be  drawn  from  so 
limited  a  range  of  experiments,  "  it  is  worthy  of  remark,"  he  says, 
"  that  organisms  were  found  here  under  the  precise  circumstances  in 
which  M.  Pasteur  states  that  they  cannot  and  do  not  exist ;''  and,  he 
adds,  that  *^  the  very  abnormal  conditions  under  which  some  of  these 
so-called  organisms  are  found,  would  render  it  doubtful  whether 
bacteriums,  vibrios,  &c.,  ought  to  be  considered  as  independent  organ- 
isms in  any  higher  sense  than  are  white  blood-corpuscles,  poUen- 
grains,  mucus-corpuscles,  or  spermatozoa."* 

?Due  allowance  being  made  for  the  brevity  necessitated  by  the 
limited  space  at  my  command,  I  believe  that  my  readers  have  had 
presented  to  them  a  faithful  and  unbiassed  review  of  this  controversy 
concerning  the  origin  or  derivation  of  Uving  organisms. 

A  large  amount  of  feeling  has  been  imported  into  the  discussion, 
especially  amongst  our  esteemed  neighbours  across  the  Channel  (who, 
it  is  right  to  add,  have  done  the  most  effective  work),  and  that  is  one 
reason  why  I  refrain  from  commenting  upon  the  evidence  of  each 
investigator.f    One  circumstance  must,  however,  have  struck  all  who 

"*  'ProoeedingB  of  the  Royal  Society,*  vol.  ziii  No.  65 :  ''Experimental  Re- 
searches on  Spontaneous  Generation.'* 

t  Since  the  present  article  was  completed,  I  have  read,  and  recommend  for 
perusal,  an  able  review  of  the  PouchetrPasteur  controversy,  which  appeared  in 
the  July  number  (1864)  of  the  *  Medico-Gbirurgical  Review '  ("  Recent  Researches 
on  the  Production  of  Infusoria  '*). 

Although  the  writer  leans  to  the  doctrine  of  heterogenesis,  he  has  given  a 
very  impartial  accoimt  of  the  controversy,  and  has  narrated  many  detailed  experi- 
ments which  my  limited  space  has  compelled  me  to  pass  unnoticed. 

There  are,  however,  two  points  which  it  appears  to  me  that  the  writer  has 
not  well  considered  in  his  essay.  In  the  first  place,  he  bpeaks  of  the  formation 
of  **  spontaneous  eggs,**  the  production  of  which  luu  been  observed  by  Dr.  Pouchet, 
and  says  that  *'  this  observation  has  not  been  controverted  by  the  opponents  of 
spontaneous  generation  ;'*  and,  secondly,  he  believes  that  the  work  and  opinious 
of  Dr.  Pouchet,  the  champion  of  **  heterogenesis,*'  deserve  more  consideration  than 
they  have  received  here  and  abroad. 

As  regards  the  first,  I  would  remind  him  that  in  another  portion  of  his 
essay  (p.  105)  he  tells  us  that  the  germs  in  dispute  are  incapable  of  being  brouglit 
to  tne  test  of  our  senses ;  how  their  formation  can  have  been  observed  is  there- 
fore somewhat  mysterious.  And  this  leads  to  the  inquiry  whether  Pouchet's 
published  observations  have  been  such  as  to  inspire  confidence  in  their  trust- 
worthiness: I  fear  not.  This  is  not  the  first  controversy  concerning  the 
nature  of  the  infusoria  in  which  Dr.  Pouchet  has  taken  a  prominent  part; 
for  when,  some  sixteen  years  since,  the  discussion  between  the  veteran  micro- 
soopist  Ehrenberg  and  Dujaidin  was  at  its  height,  as  to  whether  the  so-called 
^lygastrica  possessed  a  series  of  distinct  stomachs  connected  together  by  an 
mtestine  (as  affirmed  by  Ehrenberg),  or  whether,  according  to  Dujardin,  these 
so-called  stomachs  were  only  "  vesicles  *'  or  "  vacuoles  "  temporarily  formed  in  the 
protoplasm,  and  completely  disconnected  from  one  another.  Dr.  Pouchet  stepped 
m  between  them,  and  with  as  much  gravity  as  he  now  manifests  in  the  contro- 
versy on  **  spontaneous  generation/*  proceeded  to  decide  the  debate.  The  great 
VOL.  I.  2  T 
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haye  interested  themselves  in  the  controveisy,  and  that  ifi,  the  pancity 
of  information  afforded  on  both  sides  of  the  debate,  as  to  the  exact 
nature  of  the  forms  discovered  in  the  infusions ;  for,  generally  speaking, 
we  hear  only  of  vibriones,  monads,  bacteriums,  terms  (if  I  may  venture 
to  say  so)  which  have  no  accurate  scientific  meaning,  and  which 
represent  only  moving  specks  of  the  most  obscure  character. 

This  circumstance  is  to  be  explained  by  the  fact  that  the  most 
striking  experiments  have  been  performed  by  persons  almost  entirely 
unacquainted  with  micro-zoology,  or  who  hold  exploded  views  on 
many  matters  connected  with  that  branch  of  science. 

In  entering  upon  a  brief  description  of  my  personal  experiences  in 
connection  with  this  subject,  I  fear  that  my  labours  wUl  not  have 
been  lightened  by  the  last  criticism  ;  but  however  small  may  be  the 
value  of  the  evidence  which  will  be  adduced  in  aid  of  the  solution  of 
this  problem,  my  readers  may  rest  assured  that  there  has  been  no 
want  of  care  in  the  identification  of  the  forms  described.  Again*  and 
again  evidence  has  been  rejected  by  me  as  insufficient,  because  the 
living  forms  under  examination  would  hot  admit  of  accurate  descrip- 
tion, and  the  few  isolated  data  which  follow  have  been  selected  from 
a  mass  of  notes  and  sketches,  many  of  which  might  have  been  added, 
were  it  not  for  the  imperfection  of  their  details. 

It  is  eight  or  nine  years  since  my  attention  was  first  directed  to 
the  subject  under  consideration,  and  from  that  time  to  the  present  I 
have,  year  by  year,  conducted  experiments  with  a  view  to  test  the 
validify  of  the  doctrine  of  "  spontaneous  generation." 

The  conflicting  evidence  which  was  from  time  to  time  published 
by  trustworthy  and  eminent  investigators,  and  the  great  difficulties 
that  had  to  be  encountered  in  the  shape  of  adverse  weather,  the 
frequent  necessity  to  leave  my  work  unfinished,  &c.,  prevented  me 
until  recently  from  stating  what  had  been  the  results  of  my  observa- 
tions ;  and  it  has  only  been  within  the  last  few  weeks  that  they  have 
been  of  a  sufficientiy  positive  character  to  justify  my  coming  to  a 
definite  conclusion  on  the  subject  of  heterogenesis,  in  the  present 
signification  of  the  term. 

defect  had  been,  according  to  his  views,  that  the  disputants  had  not  observed 
with  sufficient  aocoiacy ;  and  he  proceeded  to  state,  as  the'  result  of  his  careful 
investigations,  that  the  pclygastrica  have  many  hond-fide  stonuichs;  that  the 
number  and  diameter  of  these  stomachs  is  fixed  in  each  fullyHdeveloped  species ; 
that  they  never  coalesce,  for  it  is  easily  perceptible  that  they  have  distinct  mem- 
branes ("des  parois  distinctes'*),  and  that  the  pretended  rotation  of  these  stomachs 
is  an  optical  illusion  I  (S^uce  de  rA(»ul^mie,  18  novembre,  1848 :  *  Comptes 
Rendus,  xzvii.  p.  516.) 

It  is  hardly  necessary  to  state  that  nearly  all  these  observations  have  since 

E roved  incorrect ;  and  as  the  learned  French  anatomist  has  never  aclmowledged 
is  mistakes,  one  of  two  conclusions  is  therefore  inevitable,  viz,  th&t  he  either  stili 
unconsciously  holds  antiquated  and  inaccurate  views,  or  that  when  once  he  hos 
made  his  declaration  on  a  biological  subject,  there  is  no  great  probability  of  his 
afterwards  bestowing  upon  it  an  unprejudiced  consideration. 

As  to  the  recent  ^  commission  "  appointed  by  the  Academy  of  Sciences  to 
decide  between  Pouchet  and  Pasteur,  and  which  ended  in  the  premature  (and  it 
appears  to  me  justifiable)  withdrawal  of  Dr.  Pouchet,  the  whole  affair  had  too  little 
of  the  air  of  seriousness  about  it  to  warrant  its  being  considered  in  this  place. 
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nmnbers  in  pure  distilled  water,  that  I  had  ample  opportimities  to 
Terify  and  sketch  it  under  the  microscope. 


Fio.  0.— Jmofta  BaXbiamUt  found  t^  me  fai  pnxe  dUtllled  water. 

My  figures  are  more  highly  magnified  than  Dr.  Balbiani's ;  bnt  an 
inspection  of  the  Plate,  and  a  comparison  with  my  colleagae's  fignres, 
will  exhibit  the  identity. 

Lastly,  Dr.  Balbiani  found  in  his  infusions,  both  animal  and 
vegetable,  a  little  ciliated  type,  Oydidium  glaucoma,  and  wrote  to  me 
some  time  afterwards  that  he  had  found  iiie  same  form  in  moistened 
dust  wiped  from  his  window.  He  sent  me  a  drawing,  which  it  is, 
howeyer,  unnecessary  to  append.  Here,  then,  we  have  characteristic 
types  representing  three  distinct  groups  of  Protozoa  which  have  been 
observed  at  the  same  time  in  infusions  of  various  kinds,  and  then  the 
identical  types  subsequently  traced  to  the  atmosphere  itself,  or  to  the 
dust  which  it  holds  in  suspension. 

But  the  objection,  refined  as  it  may  be,  might  not  improbably  be 
raised  by  the  advocates  of  heterogenesis  against  these  experiments, 
that  perhaps  the  infusoria  which  I  have  thus  traced  in  pure  distilled 
water  are  spontaneously  produced  from  the  particles  of  organic  sub- 
stances which  find  their  way  along  with  dust  into  the  vessel  containing 
the  water. 

It  is,  therefore,  advisable  to  meet  this  dijQicu]^  beforehand,  and  I 
can  best  do  so  by  repeating  here  an  account  of  one  of  my  experiments, 
described  last  year  before  the  members  of  the  British  Association.* 
I  had  exposed  (July,  1863,)  some  pure  distilled  water  in  a  glass  vessel, 
placed  in  a  box  covered  with  a  glass  lid,  which  was  left  partially  open, 
and  after  a  few  days  could  trace  scarcely  any  appearance  of  life  in  the 
water,  inasmuch  as  the  glass  cover  had  intercepted  the  dust  to  such  a 
degree  as  to  have  become  to  some  extent  opaque  through  the  deposit. 
I  therefore  removed  the  dust  from  the  glass  lid  into  the  contained 
vessel,  by  washing  it  with  a  little  distilled  wateir,  and  then  left  it  fully 
ex{>osed  to  the  atmosphere. 

The  very  next  day  I  re-examined  the  vessel  of  distilled  water. 
When  exposed  on  the  previous  day,  the  dust  had  clouded  it  a  little, 
but  now  it  had  settled  at  the  bottom  as  a  fine  film  or  deposit.  On 
pouring  off  the  water  carefully,  and  examining  this  deposit  as  it  lay 
in  the  vessel  with  a  low  power  Tabout  75  diameters),  it  appeared  to 
consist  of  a  number  of  minute  siliceous  fragments,  interspersed  with 

*  Sub-Section  D.    **  Life  in  the  Atmoephere.'* 
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organic  particles,  both  of  which  seemed  to  float  in  a  gelatmous  film 
somewhat  -resembling  balsam.  Several  small  cysts,  coloured  green, 
were  also  visible.  On  adjusting  a  higher  power  (200  diameters*),  and 
covering  a  portion  of  the  thin  glass,  this  gelatinous  film  proved  to 
consist  entirely  of  transparent  colourless  '*  monads/'  possessing  no 
locomotion,  but  exhibiting  a  slight  tremulous  movement. 

I  carefiilly  poured  back  the  water  into  the  vessel,  and  left  it  until 
the  day  following,  when,  on  examining  the  water,  I  found  it  to  swarm 
with  "  monads."  Even  those  under  the  covering  glass,  which  I  had 
left  undisturbed  the  day  previous,  were  locomotive  and  very  active. 
In  their  forms  and  movements  they  resembled  various  kinds  of 
infusoria,  some  moving  forward  with  a  rapid  rotatory  motion; 
others  swinging  to  and  fro,  progressing  more  slowly;  and  others 
again  reminding  the  observer,  by  their  movements,  of  the  loricated 
infusoria.  Some  were  globular ;  others,  ovate ;  and  others  again,  flat- 
tened discs.  Many  were  undergoing  longitudinal  subdivision,  and 
the  largest  were  about  l-700th  of  an  inch  in  diameter.  Transparent 
vegetable  fibres  were  also  present,  and  these  were  covered  with  sessile 
"  monads ;"  some  cysts  appeared  to  have  discharged  their  contents, 
and  were  fioating  empty  in  the  water.  At  this  period,  my  investiga- 
tionJB  and  experiments,  which  had  been  long  protracted,  were  brought 
to  a  close. 

Was  it  possible,  I  would  ask,  that  these  swarms  of  living  organ- 
isms (to  whatever  groups  they  may  Have  appertained)  could  have 
been  spontaneously  produced  in  a  single  day  from  the  particles  of 
organic  -matter  which,  along  with  the  mineral  molecules,  were 
imbedded,  as  it  were,  in  their  aggregated  mass  ?  Or  is  it  not  more 
likely  that  the  deposit  of  dust  contained,  besides  vegetable  and  mine- 
ral particles,  a  vast  number  of  zoospores,  requiring  but  warmth  and 
moisture  to  call  them  into  active  life  ?  Which  is  the  most  rational 
and  scientific  method  of  accounting  for  their  appearance,  whether 
our  judgment  be  based  upon  theory  or  experiment  ? 

Let  me  now  add  a  few  of  the  general  results  of  my  prolonged 
investigations  to  the  special  cases  already  named. 

In  the  course  of  my  experiments  with  distilled  water,  I  have 
carefully  and  repeatedly  examined, — 1st,  dust  taken  from  window- 
panes,  and  from  other  common-place  localities  at  home ;  in  this  I 
have  found  the  following  forms,  of  which  I  have  retained  more  or 
less  accurate  sketches  made  at  the  time  of  observation : — 

"  Cercomonas  Judformia ;"  various  AmoebcB  (some  of  them  unde- 
scribed,  as  far  as  I  can  ascertaia),  one  or  two  VorticeUcR,  Unchdis^ 
Kerona  (?),  cysts,  from  which  swarms  of  minute  zoospores  issued  on 
their  being  broken  by  pressure,  and  in  one  case  I  found,  in  pure 
water  containing  nothing  but  the  usual  slight  deposit  occasioned  by 
exposure  to  the  air,  what  appeared  to  be  the  larval  form  of  one  of 
the  Entomostraca,  of  which  I  have  no  doubt  an  ovum  had  found  its 
way  into  my  distilled  water. 

*  I  give  the  measurements  in  diameters  in  all  caaes,  chiefly  because  my  instra- 
ment  is  by  Schieck,  of  Berlin,  and  the  English  measuremeuts  by  ^ths,  -^ths,  &0., 
are  unknown  to  the  foreign  makers. 
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I  have  also  seen  plant-cells  in  great  nmnber  and  variety,  and  on 
one  occasion  the  contents  of  my  vessel  were,  after  a  few  days,  tinged 
green  with  Proiococcus  pluvialiSf  as  much  as  if  they  had  been  taken 
from  a  rain-water  cistern. 

"  Vibrio"  '* Monas"  and  the  other  types  of  the  partisans  of 
heterogenesis,  were  of  daily  occurrence. 

In  aU  these  cases,  I  have  not  the  slightest  doubt  that  the  atmo- 
sphere was  the  medium  through  which  the  germs  or  spores  were 
conveyed  into  the  distilled  water,  and  it  was  often  a  matter  of  surprise 
to  me  that  such  a  number  and  variety  of  forms  should  have  become 
even  partially  developed,  where  so  little  nourishment  was  afforded 
for  their  increase.  Let  me  also  add  that,  contrary  to  what  has  been 
stated  by  the  advocates  of  heterogenesis,  I  have  always  found  that 
the  more  freely  the  water  was  exposed  to  the  air,  and  the  warmer 
the  temperature,  the  more  abundant  and  diversified  were  the  living 
types,  and  the  more  rapid  was  their  development.* 

2nd.  I  have  examined  dust  shaken  from  samples  of  various  kinds 
of  cotton  rags  which  had  been  imported  from  the  following  localities  if 
Egypt,  Japan,  Tunis,  Trieste,  Melbourne,  and  Peru,  and  in  aU  these 
different  lands  I  have  found  well-marked  types  of  protozoa.}  To  a 
great  degree  these  types  differed  from  those  which  I  had  observed  in 
dust  at  home,  being  more  active,  and  highly  organized. 

In  one  case  I  succeeded  to  some  extent 
in  tracing  the  growth  of  several  of  those  /. 
obscure  Uttle  forms  known  as  "  vibrio  "to  » 
the  annulated,  ciliated  type  here  delineated, 
and  saw  them  cast  off  ring  after  ring,  which 
then  assumed  an  independent  existence, 
and  commenced  to  subdivide  and  extend 
in  length. 

Flo.  7.— Various  stages  of  a  Vibrion  foond  in  the  dost  from 
blue  Eforptian  rags.  Ck  An  animalcnlfl  l-160th  of  an  inch 
in  lengu.  b.  The  tninudcale  casting  oif  several  dilated 
rings. 

As,  however,  it  may  be  objected,  with  some  show  of  reason,  that  the 
living  types  from  such  sources  as  these  afford  no  direct  proof  of  their 
presence  in  the  atmosphere  (although  it  is  well  known  that  the  dusty 
rags  imported  into  this  country  are  for  the  most  part  picked  up  in  the 
streets  abroad),  I  am  content  to  let  this  evidence  go  for  what  it  is 
worth  in  the  eyes  of  my  readers,  and  mention  the  matter  chiefly  as  a 
hint  to  microBCopists  where  to  seek  new  types  of  protozoa ;  but  if 
there  be  any  who  are  disposed  to  doubt  the  presence  in  the  atmosphere 
of  the  germs  or  zoospores  of  many  of  those  common  infasorial  types 
which  are  supposed  by  the  partisans  of  "  spontaneous  generation"  to  be 
abnormally  produced  frt>m  the  infusions  in  which  they  are  often  met 

*  I  have  been  the  most  successM  with  a  shcJlow  white  saucer. 

t  The  dust  was  in  all  cases  carefully  sifted  through  muslin  on  to  the  surface 
of  distilled  water,  and  fell  to  the  bottom  of  the  vessel  as  a  fine  deposit 

X  As  described  in  short  memoirs  read  before  the  Academy  of  Sciences,  Paris, 
1863 ;  and  Sub-Section  D,  British  Association,  1863. 
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with,  I  would  recommond  them  to  yerifj  or  Gontrovert  my  statements 
by  the  following  simple  experiment : — 

Let  them  procure  some  distilled  water  from  a  source  which  is 
certain  to  be  pure ;  and  to  make  assurance  doubly  sure,  let  it  be 
boiled,  or  (as  Dr.  Bolleston,  of  Oxford,  has  suggested*)  passed 
slowly  through  a  red-hot  platinum  tube. 

This  water  should  be  exposed  in  an  open  situation,  in  a  good-sized 
saucer  or  soup-plate,  and  fresh  distilled  water  added  day  by  day,  to 
supply  the  place  of  that  which  evaporates. 

The  exposure  should  take  place  in  warm  weather,  if  possible  with 
a  light  breeze,  and  not  too  soon  after  the  air  has  b^n  purified  of  its 
floating  contents  by  a  shower  of  rain. 

In  a  few  days,  if  ordinary  success  attend  the  experiment,  an 
inconsiderable  sediment  of  dust  will  have  settled  at  the  bottom  of 
the  saucer,  and  drops  of  the  water,  along  with  a  little  of  this 
sediment,  should  be  submitted  to  careful  microscopic  investigation. 
K  I  am  not  greatly  mistaken,  judging  from  my  own  experiments,  the 
most  conspicuous  types  will  be  fbund  to  be  those  little  fragments 
(more  or  less  definitely  shaped)  of  organized  protoplasm  known  as 
amoebsB,  and  the  observer  will  probably  notice  many  interesting 
phenomena  in  connection  with  their  growth,  permanent  changes  in 
form,  mode  of  subdivision,  &c.,  to  which  my  limited  space  has 
allowed  no  reference.  When  the  field  is  carefully  viewed  with  a  high 
power,  there  will  also  probably  be  found  in  considerable  numbers  the 
little  frisiform  monads  (so  frequently  referred  to  in  this  paper),  for  in 
most  of  my  investigations  these  have  first  appeared. 

With  favourable  weather  and  perseverance,  other  and  probably 
higher  forms  will  in  time  become  apparent ;  and  I  trust  that  if  no 
other  good  result  from  the  publication  of  these  imperfect  observationsy 
they  may  lead  more  careful  investigators  to  favour  the  microscopical 
world  with  valuable  contributions  to  **  atmospheric  micrography  " — 
contributions  of  a  different  kind  to  the  negative  ones  formerly 
published  under  that  title  by  Dr.  Fouchet,  the  zealous  champion  of 
heterogenesis. 

For  the  benefit  of  those,  however,  whose  time  or  occupations  prevent 
them  frx)m  investigating  for  themselves,  and  who  are  willing  to 
accredit  me  with  accuracy  of  observation,  I  have  appended  a  plate, 
which  will  give  some  idea  of  the  appearance  of  the  microscopical 
contents  of  distilled  water,  after  a  few  days'  exposure  to  the  atmosphere 
in  fine  weather;  but  I  must  state,  to  avoid  misapprehension,  that 
although  all  the  forms  and  others  besides  may  be  contained  in  the 
same  drop  of  water,  they  will  probably  not  appear  at  one  and  the 
same  time  in  the  field  of  the  microscope. 

The  objects  represented  in  Fig.  1  (commencing  at  the  top)  are, 
a  fragment  of  organic  matter  upon  which  a  swarm  of  minute 
zoospores  and  one  or  two  young  ciliated  infusoria  appear  to  be 
regaling  themselves ;  then,  between  the  bright  crimson  hair  (animal 
or  vegetable)  and  a  green  plant  fibre,  probably  one  of  the  oonfervoid 

*  Sub-Section  D,  British  Association,  1863. 
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algsB,  aro  seen  four  amoebsB,  and  two  of  the  fosiform  ciliated 
"monads"  (Gercomonas  fusiformis);  a  group  of  free  floating  cells, 
some  of  which  are  subdividing,  may  be  observed  below ;  zoospores,  or 
the  young  of  ciliated  infusoria,  and  "  vibriones,"  make  up  liie  living 
contents,  whilst  a  couple  of  fragments  of  hard,  transparent  mineral, 
probably  silex,  held  together  by  some  softer  mineral  substance, 
complete  the  little  group  of  objects,  all  of  which  are  magnified  270 
diameters. 

In  Fig.  2  we  have  one  of  the  larger  plant-cells,  a  little  sharp 
fragment  of  silex,  amoebsd  of  various  types  (one  very  active  kind 
undergoing  subdivision),  the  fusiform  "monad,"  and  two  young 
ciliated  infusoria,  all  represented  as  they  appear  under  a  lens 
magnifying  900  diameters. 

But  it  may  be  said  by  the  partisans  of  "  spontaneous  generation," 
that  the  presence  of  germs  in  the  atmosphere  is  no  absolute  disproof 
of  their  theory,  and  they  may  still  maintain  that  it  is  possible  for 
inorganic  elements  or  organic  compounds  so  to  combine  "  spontane- 
ously," as  to  form  infinitely  minute  germs  or  cells,  which  are 
invisible  under  the  highest  powers  of  the  microscope. 

For  the  possibility  of  such  a  combination,  by  artifidal  means, 
they  might  appeal  to  the  opinion  expressed  by  at  least  one  high 
biological  authority.  Professor  Huxley,  who  says  (as  it  was  already 
stated  in  the  Introduction  to  this  Journal),  that  he  believes  it  possible, 
before  half  a  century  has  elapsed,  that  man  may  be  able  to  take 
inorganic  substances,  such  as  carbonic  acid,  ammonia,  water,  and 
salines,  "  and  be  able  to  build  them  up  into  protein  matter,'*  and  that 
that  protein  matter  should  "  begin  to  live  in  an  organic  form  ;"*  and, 
for  the  reasons  assigned  at  the  commencement  of  this  paper,  it  appears 
to  me  also  that  they  have  the  indirect  countenance  of  all  thorough 
believers  in  progressive  development  through  secondary  causes. 

Nor  would  I  for  a  moment  venture  to  deny  the  posstbilUy  of  such 
a  phenomenon;  for,  however  contrary  it  may  be  to  aniJogy  and 
experience,  it  is  impossible  to  say  whether  or  not  the  same  natural 
laws  operate  in  the  creation  of  these  still  invisible  forms  as  in  that  of 
the  visible  organized  t3rpes. 

As  Dr.  Child  has  said,  some  of  these  forms  are  no  more  entitled 
to  be  considered  independent  organisms  than  white  blood-corpuscles, 
&c. ;  and  I  think  he  might  with  safety  have  added,  after  the  publica- 
tion of  Dr.  Beale*s  researches  on  blood-corpuscles,  that  some  of  them 
are  much  less  deserving  of  the  rank  of  living  organisms.  It  would 
be  presumptuous,  then,  to  deny  that  such  lowly  forms  may  not  be 
created  to-day,  either  artificially  or  spontaneously. 

But  that  is  not  the  ground  hitherto  taken  by  the  advocates  of 
"  spontaneous  generation."  They  deny  the  existence  of  the  germs  of 
infusoria  in  the  atmosphere,  and  would  have  the  scientific  world 
accept  their  theory  as  sufficient  to  account  for  the  presence  of  all  the 


*  < 


'  Lectures  to  Working  Men/  Professor  Huxley  is,  however,  a  disbeliever  in 
hoterogenesis,  and  considers  that  tlirough  Pasteur's  experiments  the  doctrine  has 
*'  received  a  final  coup  de  graced 
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known  forms  of  protozoa  (if  tbey  do  not  go  still  farther)  which  are 
found  in  infdsions.  And  upon  what  biological  evidence  do  they 
daim  a  scientific  status  for  their  doctrine  ? 

Mainly  on  the  ground,  as  already  observed,  that  when  they  have 
sought  to  exclude  the  air  from  infusions  (no  doubt  as  conscientiously 
as  possible),  there  have,  after  a  certain  time,  appeared  in  them 
"  monads,"  "  bacteriums,"  and  "  vibriones ;"  these  objects  being, 
generally  speaking,  and  notwithstanding  their  high-sounding  appel- 
lation, minute  moving  specks,  or  lines,  even  under  highest  micro- 
scopical powers,  and  concerning  which  the  least  scientifio  reader 
knows  just  as  much  as  the  most  learned  investigator. 

In  this,  the  popular  sense  of  the  term  *'  spontaneous  generation," 
I  am  certainly  no  believer ;  and  I  have  little  doubt  that  the  time  is 
not  &r  distant  when  all  those  lowly  types,  now  known  as  protozoa, 
will  be  traced  in  their  earliest  stages  to  the  atmosphere,  the  dust  of 
the  road,  of  our  parlour  windows,  and  indeed  in  every  place  into 
which  dust  and  air  penetrate. 

It  is  the  common-sense  explanation  of  their  presence;  for  what 
is  more  natural  than  that,  along  with  the  dust,  which  is  dried  mud, 
the  wind  should  also  waft  about  the  light  zoospores  of  those  minute 
forms  of  which  the  stagnant  pool  is  the  habitat  ?  And  it  is  the  solution 
strictly  in  accordance  with  scientific  experience,  for,  without  reference 
to  the  great  homogenetic  law  traceable  through  the  whole  organic 
realm,  we  have  the  indubitable  fftct,  that  the  more  lowly  the  organisms, 
the  more  widely  are  their  reproductive  principles  diffused  in  the 
elements. 


ON  THE  FORMATION  OP  QOBJiL  {CordUium  rvbrum)? 

^ 

By  Professor  H.  Laoaze  Duthiebs  (Ecole  Normale  sup^rieure, 

Paris). 

CoBAL  has  been  in  request  from  the  earliest  times  for  the  purpose  of 
personal  adornment,  while  its  form  and  properties,  which  denote  at 
one  and  the  same  time  the  plant  and  the  stone,  so  masking  its  real 
origin,  have  excited  the  curiosity  alike  of  the  fiishionable  wearer  and 
of  the  devotee  of  science.  Its  true  nature  has,  however,  only  been 
recognized  within  the  last  hundred  or  hundred  and  fifty  years.  This 
has  been,  in  a  great  measure,  due  to  the  absolute  impossibility  of 
arriving  at  any  accurate  conclusion  on  the  subject  without  close 
observation  of  the  animal  while  living,  and  to  the  great  difficulty  of 
meeting  with  it  in  this  condition.  As  soon  as  it  is  removed  from  the 
water  it  dies,  and  even  though  preserved  in  fresh  and  constantly 
renewed  water,  with  the  most  scrupulous  care,  it  still  too  often 
speedily  perishes.  To  obtain,  therefore,  the  opportiuiity  for  close 
examination,  one  course  only  is  open  to  the  inquirer ;  he  must  be 
present  at  the  capture  of  the  animal,  and  proceed  at  once  with  his 
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inyestigatioiis ;  and  let  it  be  obseryed  that  this  mode  is  not  always 
either  easy  or  even  possible,  for  most  commonly  the  popieri,  or  boat 
masters,  are  but  little  disposed  to  receive  on  board  strangers,  whose 
only  object  they  deem  to  be  that  of  mastering  their  secrets  and  profit- 
ing by  their  skill  in  finding  the  localities  most  favourable  for  obtaining 
an  abundant  supply  of  coral.  They  cannot  understand  that  anyone 
would  expose  himself  to  the  discomforts  of  their  mode  of  life,  merely 
to  satisfy  a  curiosity  which  they  are  not  able  to  comprehend,  by  poring 
over  a  branch  of  living  coral  as  it  is  withdrawn  &om  the  water. 

I  had  obtained,  at  Bonifacio,  in  Corsica,  a  promise  of  all  that  would 
be  necessary  for  my  purpose ;  the  most  gracious  assent  was  given 
to  my  expressed  desires,  but  when  night  came  the  expedition  put  to 
sea,  and  I  saw  no  more  of  those  upon  whose  aid  I  had  too  confidently 
reckoned.  The  search  for  coral,  moreover,  is  not  managed  on  the 
same  plan  as  other  fisheries.  The  coral-seekers  have  to  look  for  banks 
in  very  different,  and  often  &r  distant,  localities,  according  as  the 
wind  happens  to  be  favourable  or  otherwise.  They  therefore  carry 
provisions  for  some  considerable  time,  and  the  period  of  their  return 
to  the  port  from  whence  they  sailed  is  indefinite  to  a  degree.  I 
encountered  one  day,  in  the  Gulf  of  Propriano,  on  the  shores  of 
Corsica,  a  little  fleet  of  sixty  coral  boats ;  a  week  afterwards  not  one 
remained,  nor  did  I  again  feJl  in  with  them.  During  my  stay  at 
Calle  all  the  fishermen  sailed  in  the  month  of  June  for  the  island  of 
Gkdito  and  the  waters  of  Bizerta ;  they  did  not  return  until  the  com- 
mencement of  August. 

It  will  be  no  subject  of  surprise,  then,  if  the  naturalist  hesitates 
before  he  imdertakes  a  voyage  whidi  is  so  uncertain  in  the  time  it 
wiU  occupy,  and  constantly  attended  with  fifttigue  and  discomfort.  These 
difficulties,  to  which  indeed  many  others  might  be  added,  serve  to 
explain  the  slow  advance  of  knowledge  in  this  branch  of  inquiry,  for 
the  task  of  obtaining  living  coral,  now  sufficiently  arduous,  must  have 
been  still  more  so  in  former  years.  It  should  be  observed,  however, 
that  if  the  materials  can  only  be  obtained  with  comparative  ease  by  the 
dredge,  the  necessary  inquiries  may  be  made  with  far  greater  facility. 

Leaving  unnoticed  tiie  fables  and  prejudices  of  the  ancients,  and 
without  entering  upon  an  unsuitable  historical  r^mSy  we  may 
remark  that  Beaumur  and  Swanunerdam  classed  coral  among  stones ; 
that  Marsigli,  having  seen  its  flowers,  regarded  it  as  a  plant ;  while 
ultimately  the  discovery  of  Peyssonnel  assigned  to  it,  in  1729,  its 
legitimate  position  in  the  animal  kingdom.  Beaumur,  a  singu- 
larly truthful  and  clear-sighted  observer,  thoroughly  recognized 
the  great  importance  of  direct  observations,  and  succeeded  in 
obtaining  orders  from  the  Duke  of  Orleans  that  messengers  should 
start  on  foot -from  Marseilles,  to  bring  to  him  with  all  possible  care 
the  coral  freshly  taken  on  the  coasts  of  Provence.  Unfortunately  the 
precious  burden  had  hx  too  feeble  a  hold  of  life,  and  the  distance  over 
which  it  had  to  pass  was  much  too  great.  The  coral  arrived  in  Paris, 
it  is  true,  but  qtiite  dead,  and  its  examination  elicited  no  new  facts ; 
its  only  result,  indeed,  being  to  confirm  Beaumur  in  his  erroneous 
impresaiaDS.     It  is  worthy  of  special  note  that  the  most  important 
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discoyeries  have  been  made  by  those  obeervers  who,  regardless  of 
trouble,  fatigue,  and  dangers,  have  trusted  themselves  aJb  sea,  and  have 
lived  the  mode  of  life  of  the  coral  fisher. 

No  one  would,  indeed,  dream  of  assigning  a  higher  scientific  value 
to  the  researches  of  Marsigli  and  Peyssonnel  than  to  those  of  Swam- 
merdam  and  Beaumur;  but  on  which  side  do  we  find  truth  and 
accuracy?  The  first-named  naturalists  elicited  new  &cts,  and  saw 
things  of  which  the  latter  remained  ignorant,  from  this  one  cause — 
that  they  studied  the  animal  still  living,  and  in  its  normal  conditions, 
and  did  not  draw  their  condusions  firom  the  dried-up  specimens  of 
natural-history  cabinets.  Have  we  not  here  a  striking  proof  of  the 
advantages  to  be  derived  from  studying  animal  forms,  not  alone  among 
the  accumulations  of  museums,  but  also  under  those  conditions  of 
existence  which  are  peculiar  to  them,  meeting  with  them,  as  it  were, 
in  their  own  homes  ?  In  this  line  of  inquiry  lies,  indeed,  the  future 
advancement  of  the  natural  sciences. 

The  discovery  of  Peyssonnel  seemed  so  incredible  to  Beaumur, 
that  he  would  not  even  publish  the  name  of  its  author.  De  Jussieu 
was  not  more  open  to  conviction,  and  it  was  not  until  after  the  publi- 
cation of  Tremblay*s  memorable  investigations  in  regard  to  the  fresh- 
water hydra,  that  attention  was  directed  to  the  dicta  advanced  by 
Peyssonnel.  Then  Beaumur  wished  to  explain  away  his  opposition, 
but  it  would  seem  that  the  ardent  naturalist  and  traveller,  coi^dent  of 
the  accuracy  of  his  researches,  and  mortified  by  the  opposition  of  the 
French  aavaiM^  had  forwarded  his  memoirs  to  England,  where  they 
were  examined  and  published,  from  1756  to  1759,  in  tiie  *  Philosophicid 
Transactions.' 

Peyssonnel  had  merited  a  widely  different  reception.  An  impetu- 
ous and  courageous  enthusiast,  a  true  child  of  the  South,  he  did  not 
shrink  before  danger  or  fatigue  during  his  stay  on  the  coast  of  Africa, 
then  so  hostile  to  an  explorer.  On  other  grounds,  too,  he  had  well 
earned  the  esteem  of  his  fellow-citizens.  In  1720,  during  the  terrible 
plague  which  desolated  Marseilles,  he  shut  himself  up  with  his  fftther 
in  the  hospital  of  the  Holy  Ghost,  there  to  attend  to  the  plague- 
stricken,  abandoned  by  all  others. 

HJR  admiration  for  nature  induced  him  to  devote  a  part  of  his 
fortune  to  the  founding  of  a  prize  to  recompense  studies  in  marine 
natural  history.     The  Academy  of  Marseilles  refused  it. 

It  is  painful  to  see  Peyssonnel,  fuU  of  success  in  his  first  endea- 
vours, withdraw  himself  from  the  scientific  arena  when  the  aavans 
rejected  his  discovery,  which  undoubtedly  was  one  of  the  greatest  of 
modem  times.  He  no  doubt  resented  the  erroneous  judgment  upon 
his  labours  with  the  promptitude  and  warmth  of  feeling  manifested  by 
every  man  who,  being  a  follower  of  truth  and  loving  science  for  her- 
self, feels  that  he  is  crushed  by  the  lofty  position  of  those  who  judge 
him  rather  than  by  the  force  of  the  arguments  which  they  have 
marshalled  against  him. 

He  accepted  the  post  of  Boyal  Physician  at  Guadaloupe,  and  it 
would  appear  that  in  so  doing  he  exiled  himself  at  the  same  time 
from  his  country  and  from  science.      No  farther  communication  is 
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extant  from  him  to  the  Academy.  It  is  probable,  however,  that  after 
he  had  withdrawn  himself  from  French  scientific  circles,  he  still  con- 
tinued to  direct  his  attention  to  another  comitry,  since  he  addressed 
his  work  to  the  Boyal  Society  of  London ;  then  resigning  himself  to 
that  loss  of  heart  which  injustice  invariably  induces,  he  ceased  to  labour, 
and  never  again  returned  to  France.  The  date  of  his  death  even  is 
not  accurately  known. 

Peyssonnel  was  unfortunate.  His  devotion  to  the  welfare  of  his 
fellow-citizens  during  the  fearfiil  epidemic  at  Marseilles ;  his  generous 
and  liberal  offer  for  the  endowment  of  a  prize ;  his  great  discoveries 
in  the  highest  of  the  natural  sciences,  transferring  to  the  animal 
realms  a  multitude  of  hitherto  so-called  plants ;  these  should  have 
secured  for  him  in  his  own  country  such  a  position  as  would  have  kept 
him  fEuthfiil  to  science.  France  would  not  then  have  been  compelled 
to  regret  her  indifference  to  an  extended  and  prolific  subject  in  science, 
nor  to  mourn  over  her  neglect  of  a  man  who  had  done  her  honour ; 
permitting  even  the  date  of  a  valuable  discovery,  which  belonged  to 
her,  to  be  inscribed  in  the  archives  of  Great  Britain. 

There  being  no  doubt  regarding  the  animal  nature  of  coral,  we  havo 
now  to  inquire  into  its  reproduction  and  development. 

If  the  attempt  to  keep  coral  alive  should  prove  successful,  and 
observations  be  instituted  in  the  fine  season,  that  is,  from  May  to 
September,  at  the  time  when  reproduction  is  proceeding,  we  shall  find 
that  little  white  ovoid  bodies  (Fig.  1,  c)  escape  from  the  centre  of  the 
gracefiil  rosettes  with  which  the  sur&ce  of  the  animal  is  covered ;  these 
in  the  first  instance  sink  to  the  bottom  of  the  water,  but  a  short 
time  afterwards  acquire  an  elongated  form,  and  are  endowed  with  the 
power  of  movement.  These  little  bodies  are  not,  strictly  speaking, 
ova,  since  they  are  already  provided  with  organs  of  locomotion.  They 
must  be  considered  as  embryos,  or  young  polypes. 

They  possess  considerable  activity,  swim  ficeely,  avoid  one  another 
in  their  onward  course,  and  ascend  or  descend  in  the  glasses  in  which 
they  are  kept.  Shortly  after  their  first  appearance,  or  when  the  water 
in  which  they  are  placed  is  renewed,  their  activity  is  much  increased, 
and  they  grow  considerably  in  length.  They  are  then  completely 
vermiform  (Fig.  1,  6,  d). 

These  leading  facts  have  not  been  observed  without  much  labour. 
During  the  three  months  of  June,  July,  and  August,  in  spite  of  every 
care,  and  notwithstanding  my  choice  of  a  very  convenient  locality, 
near  to  Calle,  for  the  carrying  out  my  experiments,  the  coral  submitted 
to  examination  died  in  a  most  provoking  manner.  It  was  in  vain  that 
I  searched  for  it  myself,  and  with  my  own  hands  collected  it  with  the 
greatest  care  from  the  nets ;  some  hours  after  my  return  to  the  shore 
it  was  covered  with  a  thick  coating  of  mould.  Judging  by  analogy 
with  what  I  had  seen  among  the  Gorgonidte  and  the  true  polypes,  I 
took  the  precaution,  towards  the  middle  of  August,  of  going  on  board 
one  of  the  coral  boats  for  several  days,  and  then  and  there  to  open  all 
the  living  coral  which  might  be  brought  up.  I  hoped  to  succeed  in  pro- 
curing a  premature  development  of  the  young  polypes,  and  so  to  prevent 
their  death ;  a  mode  of  experiment  which  had  answered  my  expectations 
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or  to  objects  with  which  they  may  come  into  contact ;  this  tendency  is 
favonred,  too,  by  their  mode  of  progression.  Thus,  even  their  activity 
is  a  principal  cause  of  their  losing  the  freedom  of  movement,  from  its 
favouring  the  close  adhesion  of  the  posterior  part  of  the  body — that 
part  which  will  ere  long  be  the  analogue  of  the  base  of  the  Actiniie  and 
other  adult  Zoanthided.  This  proneness  to  apply  themselves  to  other 
objects  appears  specially  manifested  when  the  elongated  or  vermicular 
form  is  about  to'  disappear ;  then  the  embryos  sink  down  upon  them- 
selves, and  losing  in  height  what  they  gain  in  breadth,  change  their 
form  into  that  of  small  lei^s-shaped  discs  (Fig.  1,  «),  in  the  middle  of 
which  the  more  slendelr  extremity,  bearing  the  mouth,  buries  itself, 
and  becomes  surrounded  by  a  circlet  of  little  cushions.  Upon  these 
cushions,  and  consequently  around  the  mouth,  eight  small  nipple-shaped 
projections  very  soon  show  themselves ;  these  are  covered  by  delicate 
processes,  which  subsequently  become  by  elongation  the  arms  of  the 
polype  (Fig.  1,  /).  Whilst  carefully  examining  with  a  lens  the  stones 
brought  from  the  bottom  of  the  sea  by  the  nets  of  the  coral  fishers,  I 
found  little  red  objects,  a  quarter  and  even  a  half  of  a  millimetre  in 
diameter,  which  a  microscopic  investigation  showed  to  be  the  young 
bases  of  coraL  Smaller  than  those  which  had  been  formed  and  fixed 
in  my  aquaria,  they  only  as  yet  enclosed  one  single  animalcule.  By 
farther  search  I  was  able  to  follow  out  all  the  stages  intermediate 
between  the  most  simple  individuals  and  the  most  complex  branches. 
Afterwards  retracing  my  steps,  I  could  pursue  my  inquiries  up  to  the 
point  of  the  most  complete  development. 

Soon  after  the  young  polype  has  fixed  itself,  and  when  its  ten- 
tacles have  become  well  developed,  its  white  colour  disappears,  giving 
place  to  the  characteristic  red  of  coral.  (Fig.  1,/,  represents  a  young 
polype  of  half  a  millimetre  in  diameter.)  It  is  difficult  to  depict  the 
delicacy  and  elegance  of  the  animal  at  this  stage  of  its  growth.  The 
base  or  body  is  of  a  beautiful  rose-colour,  while  a  white  coronet  formed 
by  the  arrangement  of  the  tentacles  occupies  the  upper  part.  It  some- 
times presents  the  illusion  of  a  charming  white  flower,  with  its  graceful 
petals  surmounting  an  urn. 

When  the  first  animal,  the  development  of  which  we  have  just 
traced,  is  complete,  a  new  phase  of  growth  is  entered  upon.  There 
appear,  one  by  one  upon  its  sides,  small  nipple-shaped  projections, 
true  buds  or  genmieB  (Fig.  2,  5,  d),  having  their  origin  in  ^e  very 
tisisues  of  the  animal,  and  provided  with  a  single  orifice  covered  with 
tentacles;  these  at  length  become  transformed  into  so  many  new 
polypes,  fac-similes  of  the  original  animal. 

These  outgrowths  do  not  separate  themselves  from  the  original 
stock ;  and  since  they  in  their  turn  become  centres  from  which  bud- 
ding takes  place,  we  may  well  understand  how  rapidly  the  whole 
number  will  increase. 

This  peculiar  fjEu;ulty  of  increasing  by  budding  is  shared  by  the 
corallines  with  vegetables ;  and  to  it  must  be  referred  the  formation 
of  branches  and  twigs,  and  the  increase  in  length  of  the  parent  stems. 
But  a  distinction  must  be  drawn  between  the  multiplication  of  the 
number  of  bases  or  branches  of  coral  and  the  increase  in  number  of 
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fixed  'in  the  eement.  At  the  base  of  the  adult  branches  the  cement 
is  constantly  deposited  in  much  greater  quantity  than  towards  the 
extremities,  and  to  this  fact  the  increase  in  bulk  is  in  great  part  due. 
It  would  appear,  too,  that  the  imbedded  corpuscles  are  less  numerous 
at  the  lower  part  than  at  the  apex,  or  in  &e  more  recently-foimed 
tissues. 

In  the  interests  of  general  zoology,  or  the  philosophy  of  the  science, 
the  determination  of  the  origin  of  ^e  axis  is  of  material  value,  and  to 
this  point  especial  attention  should  be  directed.  In  some  families  of 
the  coralline  group  the  polyp-stem  is  flexible,  transparent,  and  recalls 
in  some  measure  the  homy  or  epidermic  structures  among  the  higher 
animals.  Such  are  the  GorgonidsB,  whose  zoological  afi^ties  bring 
them  into  close  relation  with  coral ;  and  hence,  indeed,  some  authors 
have  been  led  to  believe  that  the  axis  of  the  latter,  in  spite  of  its 
solidity,  was  constructed  by  the  induration  of  the  epidermis  just  as  we 
find  the  polyp-stem  to  be  formed  in  the  GorgonidaB.  It  is,  however, 
difficult,  after  the  preceding  investigations,  to  adopt  this  explanation, 
since  in  the  interior  of  the  coral  axis  we  find  elements  similar  to 
those  which  are  disseminated  through  the  deeper  parts  of  the  body  of 
the  polypes.  In  this  matter  a  direct  application  of  embryogenic  re- 
searches has  been  made  available  for  the  purposes  of  classification. 

Id  conclusion,  a  few  words  may  be  devoted  to  the  phenomena 
which  precede  the  birth  of  the  embryos,  and  which  have  not  as  yet 
received  notice.  Fertilization  is  accomplished  under  varying  condi- 
tions, these  having  reference  to  the  arrangement  of  the  generative 
glands,  and  to  the  distribution  of  the  individuals  of  different  sexes 
upon  the  branches.  The  polypes,  sometimes  male,  at  others  female, 
and  lastly,  again,  hermaphrodite,  may  be  found  in  dose  proximity  with 
each  other  on  a  single  branch,  or  separate  and  attached  to  different 
branches,  where  they  are  clustered  together  (and  this  is  the  most 
frequent  condition),  the  number  of  one  of  the  sexes  is  in  excess  of 
the  other,  very  rarely  a  branch  is  unisexual,  and  I  have  never  met  with 
one  exclusively  composed  of  hermaphrodite  forms.  These  latter,  indeed, 
are  relatively  less  numerous,  and  are  most  commonly  scattered  irregu- 
larly among  others,  or  completely  isolated  in  their  very  midst.  The 
distribution  of  the  sexes  is  not,  therefore,  subject  to  any  special  rule. 
Fertilization,  it  would  seem,  then,  is  sometimes  direct,  and  carried  on 
in  a  single  polype  ;  at  other  times  indirect,  and  effected  between  two 
individuals  on  the  same,  or  on  distinct  branches,  always,  however, 
taking  place  in  the  general  cavity  of  the  body,  since  it  is  in  this  place 
that  the  ovum  remains  and  is  developed.  Further,  too,  it  would  seem 
that  the  fecundating  fluid  must  be  carried  to  the  female  polypes  by 
currents  of  water,  as  is  the  case  with  the  mollusks  which  are  of  separate 
sexes,  and  furnished  with  adherent  shells.  The  generative  glands 
have  no  special  well-marked  form,  as  in  most  other  animals ;  their 
products  originating,  so  to  speak,  separately,  at  the  base  of  the  intes- 
tine-like folds  of  the  gonei-al  cavity,  are  contained  in  capsules  which 
become  prominent  in  proportion  to  their  development,  and  which  are 
ultimately  attached  to  long  pedicles.  The  ova,  after  the  rupture  of 
the  pedicle  by  which  they  are  suspended,  foil  into  tiie  general  cavity  and 
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remain  there,  undergoing  transformation  up  to  the  moment  of  the  birth 
of  the  embryo.  The  spermatozoa  becoming  &ee  by  the  rupture  of  the 
capsule  which  enclosed  them  are  ejected,  and  fertilize  the  ova  of  the 
females,  either  directly,  if  these  be  near  at  hand,  or  by  comparative 
accident  if  they  are  not  in  immediate  proximity  to  the  male  polype. 
The  emission  of  the  spermatic  fluid  of  the  male  can  be  easily  detected 
by  direct  observation,  for  it  is  only  necessary  to  examine  some  of  the 
living  coral  at  the  moment  of  reproduction,  to  see  the  polypes  throw 
out  jets  of  a  white  liquid,  which  forms  a  cloud  in  the  water,  and  in 
which,  also,  the  characteristic  male  elements  or  the  spermatozoa  will 
be  discernible. 

The  ovum,  as  we  have  just  seen,  after  detaching  itself  from  the 
intestiniform  folds,  flEvlls  into  the  general  cavity,  where  it  is  fertilized 
and  undergoes  its  first  changes ;  but  in  this  same  cavity  another  im- 
portant junction  is  also  accomplished,  namely,  that  of  digestion.  The 
same  organ  therefore  serves  both  as  a  stomach  and  a  matrix,  or  more 
properly  speaking  as  an  ovisac,  and  in  it  two  substances,  under  condi- 
tions which  appear  to  be  similar,  can  nevertheless  undergo  modifica- 
tions thoroughly  opposed  to  each  other ;  for  the  one  is  dissolved  and 
liquified,  while  the  other  increases  in  bulk,  and  produces  a  new  being. 
This  physiological  peculiarity  cannot  Ml,  from  its  strangeness,  to 
attract  attention ;  it  shows  what  an  immense  difference  exists  between 
the  higher  and  lower  animals,  and  how  di£&cult  it  is  to  judge  a  priori 
of  the  one  by  the  other. 

As  a  summary,  it  may  be  said  that  coral  follows  the  ordinary  laws 
of  reproduction,  and  does  not  present  the  variations  which  are  met  with 
among  some  of  the  inferior  animals.  For  a  very  short  period  after  its 
birth  it  enjoys  the  power  of  movement,  but  as  soon  as  it  begins  to 
undergo  its  metamorphoses  the  ability  to  move  is  lost,  and  the  animal 
fixes  itself  in  one  place,  which  it  does  not  afterwards  desert  Then, 
too,  its  early  form  is  lost,  and  it  is  no  longer  possible  to  recognize  in 
its  branches,  so  elegant  in  form  and  so  rich  in  colour,  the  little  white 
worm  from  which  these  were  developed.  All  these  facts  have,  without 
doubt,  a  special  importance  in  the  history  of  coral ;  but  they  show, 
also,  how  the  study  of  the  inferior  organisms  reveals  each  day  some 
new  and  unexpected  facts ;  how  little  the  phenomena  of  life  through- 
out the  animal  series  are  as  yet  understood ;  and  they  teach  us  that 
such  investigations  should  be  conducted  with  extreme  care,  and 
that  duo  reserve  and  caution  should  be  exercised  in  reasoning  from 
analogy,  and  in  the  application  of  what  we  regard  as  universal  laws. 
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ON  THE  C0N8TEUCTI0N  AND  MECHANICAL  PROPER- 
TIES OF  SUBMAEINE  TELEGRAPH  CABLES. 

By  William  Fairbaibn,  C.E.,  LL.D.,  F.R.S. 

TwENTY-FOiTB  years  have  now  elapsed  since  Professor  Wheaistone 
suggested  to  the  Select  Committee  of  the  House  of  Commons  on 
Railways,  the  construction  of  a  submarine  telegraph  between  Dover 
and  Calais.  Since  that  time  11,000  miles  of  cable  have  been  laid, 
only  a  little  more  than  one-fourth  of  which  can  be  said  to  be  in  a 
working  conditon;  amongst  the  unsuccessful  attempts  being  the 
Atlantic  cable,  measuring  2,200  miles ;  the  Red  Sea  and  India 
Telegraph,  of  3,499  miles,  and  sundry  shorter  ones,  measuring  col- 
lectively about  2,300  miles.  To  account  for  these  misfortunes  is  a 
work  of  some  difficulty,  owing  to  the  many  causes  which  may  affect 
the  integrity  of  the  insulation,  or  the  continuity  of  the  conducting 
wires.  The  8,000  miles  of  fsulure  have  not  been,  however,  wholly 
lost.  They  have  been  the  means  of  accumulating  a  vast  amount  of 
experience,  and  have  suggested  remedies  for  the  inevitable  difficulties 
which  have  to  be  encountered,  now  as  before,  both  in  the  manufacture 
and  in  the  paying-out  of  deep-sea  cables. 

There  are  two  descriptions  of  cables  required  for  marine  construc- 
tion :  one  for  shaUow  water,  where,  owing  to  the  liability  of  injury 
from  ships'  anchors,  or  the  abrasion  against  rocks  or  gravel,  it  is 
necessary  for  the  insulated  wire  to  be  surrounded  with  an  extra  strong 
covering  of  wire  and  hemp  saturated  with  pitch ;  and  the  other  for 
deep-sea  purposes,  in  which  case,  as  the  cable  when  once  laid  is  sup- 
posed to  lie  perfectly  quiescent  at  the  bottom  of  the  ocean,  no  more 
strength  nor  protection  is  needed  than  will  shield  the  wire  and  its 
insulating  coating  from  injury  during  the  paying-out.  Respecting  the 
shallow-water  cables,  in  which  category  we  class  the  line  between 
Dover  and  Cape  Grinez,  laid  in  1851 ;  the  Hne  from  Dover  to  Ostend, 
laid  in  1853;  the  one  from  England  and  Hanover,  280  nules  long, 
laid  in  1858 ;  one  between  Folkestone  and  Boulogne,  laid  in  1859 ; 
and  one  between  England  and  Denmark,  350  miles  long,  also  laid  in 
1859,  all  the  above  are  the  property  of  the  Submarine  Telegraph 
Company.  In  addition  to  these,  there  are  several  others  which  may 
come  into  the  same  class,  such  as  the  lines  between  England  and 
Holland,  and  the  Channel  Islands  cable,  laid  between  this  country  and 
Aldemey,  Guernsey,  and  Jersey,  in  August,  1858. 

Amongst  the  most  important  of  the  deep-sea  cables  is  that  of  the 
Atlantic  Telegraph  Company.  This  company  obtained  an  act  of 
incorporation  in  1854,  which  conferred,  amongst  other  privileges,  the 
exclusive  right  of  landing  cables  on  the  coast  of  Newfoundland,  or 
the  adjacent  islands,  for  a  term  of  fifty  years.  The  company  also 
obtained  a  grant  of  14,0002.  per  annum  from  the  British  Government, 
and  a  similar  one  from  the  Ainerican  Government,  so  long  as  the  lino 
was  in  working  order. 

Upon  these  guarantees  and  privileges  the  company  was  formed,  and 
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the  cable  was  mannfiacttired,  one  half  by  Messrs.  Glass  and  Elliott,  of 
Greenwich,  and  the  other  haJf  by  Messrs.  Newall  and  Co.,  of  Newcastle- 
on-Tyne.  As  one  article  has  already  been  devoted  to  the  history  of  this 
ill-fated  cable,*  we  will  not  further  allude  to  it,  than  to  say  that  the 
failure  of  this  enterprise  may  be  attributed  to  the  want  of  care  and 
proper  supervision  in  the  manufacture,  and,  to  use  the  words  of  the 
commission,  '^  practical  men  ought  to  have  known  that  the  cable  was 
defective,  and  to  have  been  aware  of  the  locality  of  the  defects  before 
it  was  laid."  We  might  multiply  instances  of  several  other  similar 
failures,  such  as  the  Bed.  Sea  and  India,  the  Spezzia  and  Corsica,  and 
the  Bona  and  Cagliari  cables,  all  of  which  are  now  useless. 

In  deep-sea  lines  there  are  three  points  which  require  careM  con- 
sideration, and  which  appear  essentitd  to  success,  namely — the  tensile 
sti'ength  and  conducting  power  of  the  cable,  perfect  insulation,  and 
machinery  calculated  to  pass  the  cable  with  safety  from  the  ship  into 
the  sea.  If  this  latter  can  be  properly  efifected,  we  may  venture  to 
assert  that  a  well-insulated  cable,  when  once  laid,  may  be  retained  for 
a  series  of  years  in  satisfactory  working  order. 

In  the  forthcoming  Atlantic  telegraph,  every  possible  precaution 
has  been  taken  to  have  a  sound  and  suitable  cable  in  the  first  instance, 
and  Messrs.  Glass  and  Elliott  have  not  only  conformed  to  the  recom- 
mendations of  the  scientific  committee,  but  they  have  chartered  the 
Great  Eastern  steamship  for  the  exclusive  purpose  of  paying  the  cable, 
commencing  probably  at  Newfoundland,  and  continuing  the  process  of 
paying-out,  as  we  hope,  without  break  or  interruption,  till  it  is  safely 
landed  at  Yalentia.  As  the  construction  of  the  cable  is  equally  im- 
portant with  the  skill  with  which  it  is  laid  at  the  bottom  of  the 
Atlantic,  it  may  be  interesting  to  compare  the  present  cable  with  those 
previously  laid  down,  and  to  show  with  what  precaution  the  directors 
of  the  company  have  undertaken  this  important  and  precarious  task. 

In  all  the  cables  we  have  specified,  the  same  general  principles 
prevail,  viz. : — 

1.  The  central  conductor  is  a  copper  wire,  or  strand  of  wires. 

2.  The  insulating  covering  is  gutta-percha. 

3.  The  external  protection,  when  used,  consists  of  hemp  or  other 
fibrous  material,  impregnated  with  pitch  or  some  other  resinous  sub- 
stance, nearly  in  all  cases  covered  with  iron  or  steel,  more  in  the  form 
of  an  ordinary  rope. 

4.  The  cables  so  prepared  have  been  paid-out  over  the  stem  of 
ordinary  vessels,  with  a  pressure-break  to  regulate  the  delivery  accord- 
ing to  the  speed  of  the  vessel,  which  has  averaged  from  four  to  six 
knots  per  hour. 

In  all  cases  copper  has  been  chosen  for  the  conducting  wire,  its 
durability  and  its  high  conducting  power  rendering  it  peculiarly 
applicable  for  the  purpose.  In  the  first  telegraphs,  the  conductor 
generally  consisted  of  a  No.  16  copper  wire.  This  size  gave  abundant 
area,  and  the  resistances,  even  when  in  lengths  of  several  miles,  were 

*  *  The  Atlantic  Cable  and  its  Teachings/  Quarterly  Journal  op  Science, 
No.  1,  p.  44, 
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not  found  to  interfere  seriously  with  the  working.  The  conducting 
power  of  copper  wire  was  taken  to  be  directly  as  the  area ;  there  were, 
however,  no  precise  data  for  determining  a  priori  the  size  of  wire 
requisite  for  any  given  length  of  circuit  and  speed  of  transmission. 
The  wire  was  joined  by  being  carefully  lapped  and  soldered  at  the 
joint,  and  wrapped  with  smaller  binding-wire,  which  was  also  soldered 
with  silver  solder.  In  spite  of  the  utmost  care  in  the  construction  of 
these  joints,  some  were  always  imperfect,  owing  to  their  liability  to 
fracture,  and  a  break  at  any  single  joint  destroyed  the  value  of  the 
whole  cable.  Moreover,  the  defects  in  the  copper,  owing  to  want  of 
homogeneity,  and  the  presence  of  foreign  matter,  ^quently  rendered 
the  wire  so  weak  that  it  ultimately  parted  after  being  covered,  break- 
ing the  circuit,  or  stretched  out  and  reduced  the  diameter  to  an  incon- 
venient extent  It  was  also  found  that,  if  the  covered  wire  was 
excessively  stretched,  and  then  allowed  to  contract,  the  copper  wire, 
being  incapable  of  regaining  its  original  dimensions,  knuckled  through 
the  elastic  coating. 

To  remedy  these  defects,  instead  of  a  single  copper  vnxe  bundles 
of  smaller  ones,  of  similar  area,  were  adopted,  the  joints  being  so 
distributed  that  the  fracture,  or  defect,  of  a  single  wire,  does  not 
destroy  the  whole  cable.  One  serious  objection  to  this  form  of  con- 
ductor is  that,  if  a  single  wire  breaks,  the  sharp  end  is  liable  to 
penetrate  through  the  gutta-percha,  and  establish  a  communication 
with  the  outer  conductor.  Such  a  defect  is  not  easily  detected,  and  it 
can  only  bo  guarded  against  by  close  examination  of  the  strand  itseK, 
and  by  the  constant  testing  of  the  coating  during  the  manufacture.  In 
the  form  of  a  strand  the  bulk  of  the  conductor  is  also  greater,  and 
more  gutta-percha  will  therefore  be  required  to  cover  it  It  will, 
moreover,  not  be  perfectly  solid,  but  will  allow  water,  if  it  happen  to 
penetrate  to  any  part  of  the  wire,  to  pass  along  as  in  a  tube.  This  latter 
objection  the  Gutta-percha  Company  propose  to  remove  by  coating  the 
central  wire  of  the  strand  with  Chatterton's  Compound,  and  then 
bedding  the  six  centre  wires  in  it  in  the  process  of  twisting.  The 
compound  squeezed  out  between  the  wires  unites  firmly  with  the 
insulating  material,  and  the  whole  becomes  so  solid  that  a  few  inches 
of  this  cable  will  prevent  the  percolation  of  water  at  a  pressure  of  600 
pounds  per  square  inch.  Mr.  Daft  proposes  to  obtain  the  same  object 
by  bedding  copper  wires  coated  with  brass  in  vulcanized  india-rubber. 
Mr.  Clark  obtains  solidity  by  making  the  conductor  in  the  shape  of  a 
solid  wire,  divided  into  three  or  four  sections  longitudinally,  fitting 
doscly  to  each  other.  Mr.  Newall  unites  the  several  wires  of  a  strand 
with  solder. 

Dr.  Matthiesson,  Professor  Thompson,  and  other  experimentalists, 
have  shown  that  the  quality  of  the  copper  exercises  a  material  influence 
on  the  conducting  power  of  the  wire,  and  it  is  very  important  that 
copper,  as  pure  as  can  be  obtained  in  commerce,  should  be  used. 

The  following  table,  extracted  fiN)m  the  commissioners'  report, 
shows  the  relative  value,  or  conducting  powers,  of  certain  commercial 
coppers : — 
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Table,  thounng  the  Conducting  Power  of  certain  Commercial  Coppers, 


Quality  of  Copper. 

Conducting 
Power. 

Tempera- 
ture 

Cause  of  Diminution  of  Conducting 
Power. 

Centigrade. 

Jb  ^^  »»  ***  • 

Pure  copper    .    .    . 

100*  mean 

15°- 5 

Specimen   furnished 

98-78 

15-5 

Traces  of  nlver.    No  suboxide  of 

by   Mr.  Tennant, 

copper. 

cut  from  a  piece 

l^ton  in  weight 

American  (Lake  Su- 

92-57 

15- 

Traces  of  iron,  silver  (-03  per 

perior) 

cent.),  and  suboxide  of  copper. 

Australian      (Borra 

88*86 

14- 

Traces  of  iron  and  suboxide  of 

Burra) 

copper. 

Best  selected  .    .    . 

81-35 

14-2 

Traces  of  iron,  nickel,  antimony, 
suboxide  of  copper,  &c. 

Bright  copper  wire  . 

72-22 

15-7 

Traces  of  lead,  iron,  nickel,  sub- 
oxide of  copper,  &c. 

Tough  copper     .    . 

71-03 

17-3 

Traces  of  lead,  iron,  nickel,  anti- 
mony, suboxide  of  copper,  &c. 

Buflsian  (Demidoff) 

59-34 

12-7 

Traces  of  iron,  arsenic,    nickel, 
suboxide  of  copper,  &c.    The 

« 

arsenic  present  may  be  consi- 
dei«d  the  cliief  reason  of  the 
low  conducting  power. 

Spanish  (Rio  Tinto). 

14-24 

14-8 

Two  per  cent,  arsenic ;  traces  of 
lead,  iron,  nickel,  suboxide  of 

copper,  &o.    The  low  conduct- 

ing power  is  to  be  attributed  to 

the  arsenic  present. 

Gibraltar  core : — 

Specimen,  No.  112 

90-7 

15-5 

1  Traces  of  lead,  suboxide  of  cop- 
[    per,  iron,  and  antimony. 

«     91 

89-5 

15-5 

n               n     292 

„    240 

78-2 
74-4 

15-5 
15-5 

J  Traces  of  lead,ar8enic  (very  small), 
>    iron,  nickel,  antimony,  and  sub- 
*     oxide  of  copper. 

From  the  above  table,  it  would  appear  that  the  difference  of  con- 
dacting  power  in  the  different  kinds  of  copper  is  caused  by  the  impuri- 
ties contained  in  the  specimens  experimented  upon.  The  Bio  Tinto 
copper,  in  so  far  as  regards  its  conducting  power,  being  no  better 
than  iron. 

It  has  been  found  that  there  are  no  alloys  of  copper  which  have  a 
better  conducting  power  than  the  metal  itseK;  but,  as  perfectly  pure 
copper  is  not  to  be  obtained,  we  have  only  to  reiterate  that  copper,  as 
pure  as  can  be  possibly  procured,  is  the  only  metal  which  should  be 
used  for  the  conducting  wire  of  a  submarine  cable. 

Insulation, — As  copper  seems  to  stand  out  prominently  as  the  most 
fitting  conductor,  so  does  caoutchouc,  or  india-rubber,  appear  almost 
specially  intended  for  the  purpose  of  insulation.  Its  qualities,  in  this 
respect,  are  of  the  highest  order.  It  is  tough,  highly  elastic,  of  less 
specific  gravity  than  water,  easily  manipulated,  extremely  durable 
under  water,  nearly  impervious  to  moisture,  except  superficially,  and 
not  excessively  costly ;  and  on  its  first  introduction  it  appeared  as  if 
nothing  farther  could  be  desired.     One  of  the  first  and  most  important 
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reqnirements  in  any  insulating  substance  is  that  it  should  offer  facili- 
ties for  making  the  numerous  joints  required,  either  in  the  first  con- 
struction of  the  line  or  for  its  repair  when  laid  down.  For  this 
purpose,  also,  india-rubber  appeared  weU  adapted  :  if  after  being  cut 
the  fresh*surfaces  are  immediately  brought  into  contact,  ahnost  perfect 
reunion  takes  place  ;  and  if  they  are  warmed  and  slightly  moistened 
with  naphtha  (in  which  india-rubber  is  soluble),  they  are  hermetically 
sealed.  The  covering  was  effected  by  first  coating  the  copper  wire 
with  cotton  and  shellac  varnish,  and  then  winding  a  thin  &trip  of 
masticated  india-rubber  spirally  round  the  wire,  each  turn  overlapping 
the  last.  Several  coatings  were  thus  put  on,  the  union  of  the  sur&ces 
being  secured  by  means  of  naphtha.  An  almost  perfect  insulation 
was  the  first  result,  the  problem  on  which  so  much  time  and  money 
had  been  expended  seemed  to  be  definitely  solved,  and  the  new  material 
came  into  rapid  use.  A  short  time,  however,  showed  the  fallacy  of 
these  hopes.  India-rubber,  like  all  other  gum-resins  of  a  similar 
character,  slowly  bums  or  oxidizes  in  the  air,  even  in  darkness :  but 
when  ex^e^d  Jpenly  to  the  weather  and  to  eiinlight  this  oxidi^tion 
goes  on  with  alajming  rapidity ;  wires  himg  out  of  doors  soon  become 
useless;  the  india-rubber  assumed  a  thick  gummy  or  semi-fluid 
character,  and  soon  fell  away  from  the  wire.  The  joint,  even  when 
made  with  naphtha,  was  found  not  to  be  durable,  and  after  a  short 
time,  even  in  unexposed  situations,  the  coating  was  found  loose  upon 
the  wire.  Attempts  were  made  to  preserve  it  by  enclosing  it  in 
grooved  boards,  and  thus  protecting  it  from  the  air,  but  in  dry  situa- 
^ona  this  was 'found  to  ^  of  bnt^ttle  avail ;  and  althougTin  wet 
tunnels  it  was  found  to  add  to  the  durability,  it  was  ultimately  obliged 
to  be  abandoned  there  also. 

Gutta-percha  was  soon  proposed  as  a  remedy  for  these  evils.  When 
pure,  and  at  moderate  temperatures,  it  is  a  remarkably  good  insxdator, 
and,  moreover,  is  capable  of  being  kneaded  and  drawn  solidly  on  the 
wire  through  dies,  thus  avoiding  the  infinite  number  of  joints  required 
when  india-rubber  is  used.  From  an  analysis  by  Professor  W.  A. 
Miller,  it  appears  that  pure  gutta-percha  is  a  hydro-carbon,  consist- 
ing of — 

Carbon     ....     88-96 
Hydrogen     .     .     .     11*04 


100-00 


In  commerce,  however,  it  is  mixed  with  resin,  vegetable  fibre, 
moisture,  &c.;  ^e  latter  being  mechanically  diffused  through  the 
mass,  influencing  its  pliability  and  toughness.  Commercial  gutta- 
percha will  remain  unchanged  for  months  in  the  air,  provided  light  be 
excluded,  and  the  temperature  be  not  very  high ;  and  it  will  remain 
unaltered  for  years  in  water,  especially  if  coated  with  Stockholm  tar, 
and  kept  in  the  dark.  It  is,  however,  rapidly  destroyed  by  alternated 
exposure  to  a  moist  and  dry  atmosphere,  especially  if  the  sun's  rays  have 
access  to  it.  Professor  Miller  found  that  all  the  deteriorated  portions 
had  absorbed  oxygen. 
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We  have  made  nmnerous  experiments  upon  the  effect  of  tempera- 
ture and  hydroBtatic  pressure  on  both  gutta-percha  and  caoutchouc 
They  necessarily  occupy  a  yeiy  considerable  time,  and  are  otherwise 
difficult  to  perform.  The  general  results  appear  to  be  that  tempera- 
ture has  a  very  marked  effect  upon  gutta-percha,  but  that  pressure 
appears  to  consolidate  the  material  and  improve  the  insulation,  of  both 
gutta-percha  and  india-rubber. 

The  results  may  be  briefly  stated,  as  follows : — ^With  the  gutta- 
percha in  ordinary  use  for  submarine  cables,  the  insulation  at  72°  Fahr. 
was  not  one  half  as  good,  and  at  92**  not  one  fourth  as  good,  as  it  was 
at  52**,  and  at  ,52°  it  was  not  one  third  as  good  as  at  32°.  Perfectly 
pure  gutta-percha  was  a  far  superior  insulator,  and  suffered  little  loss  of 
insulation,  until  it  attained  a  temperature  of  between  72°  and  92°. 
India-rubber  and  Wray*s  compound,  which  are  very  far  superior  as  in- 
sulators to  the  gutta-percha  which  has  been  ordinarily  in  use,  exhibit 
very  little  loss  of  insulating  power  until  they  attain  temperatures 
far  above  92°. 

The  experiments  at  a  very  high  temperature  showed  that,  whilst 
india-rubber  withstood  a  heat  of  200°  Fahr.,  and  Wray*s  compound  one 
of  152°,  gutta-percha-covered  wire  was  entirely  spoiled  at  a  tempera- 
ture a  little  over  122°.  At  90°  to  100°  gutta-percha  does  not  change 
its  shape,  but  at  a  higher  temperature  a  wire,  when  covered  with  this 
gum,  easily  becomes  eccentric  by  the  mere  process  of  coiling.  Gutta- 
percha-covered  wire  should  in  no  case  be  exposed  to  heat  the  exact 
amount  of  which  cannot  be  defined  and  regulated.  The  material  is 
therefore  not  a  desirable  one  for  cables  which  have  to  be  conveyed 
through,  or  laid  in,  the  tropics,  unless  means  be  found  for  ensuring 
that  the  cable  be  maintained  at  a  low  temperature. 

When  immersed  in  water  gutta-percha,  india-rubber,  Wray's 
compound,  and  Chatterton's  compound,  absorb  a  portion.  Professor 
Miller's  experiments,  in  which  gutta-percha  and  india-rubber  were 
subjected  to  pressure  of  three  tons  per  square  inch  for  a  period  of  six 
weeks,  show  that  the  absorption  of  water  by  gutta-percha  is  almost  nil 
in  sea-water,  and  only  tnfling,  though  appreciable,  in  fresh-water. 
The  absorption  of  water  by  caoutchouc  is  always  sensible,  the  surface 
being  rendered  white  and  opaque.  The  absorption,  however,  only 
reaches  to  a  small  depth,  and  does  not  destroy,  nor  in  any  way  impair, 
the  insulating  power  of  the  subjacent  portion.  The  white  aspect  dis- 
appears as  the  substance  dries.  The  amount  of  absorption  is  dependent 
upon  the  extent  of  surfjEbce  exposed  to  the  action  of  the  water.  The  insu- 
lation of  specimens  of  gutta-percha  and  masticated  india-rubber,  experi- 
mented on  by  Professor  Miller,  was  in  no  way  impaired  by  immersion 
under  pressure,  but  the  results  with  virgin  india-rubber  were  not 
equally  satisfactory. 

The  experiments  conducted  by  the  writer,  at  Manchester,  on  the 
permeability  or  absorption  of  water  under  pressure,  and  of  different 
degrees  of  temperature,  give  variable  results,  as  shown  in  the  following 
pages.  They  were  instituted  to  determine  the  value  of  the  different 
kinds  of  insulators  under  severe  pressure,  and  to  ascertain  not  only  the 
amount  of  absorption  under  a  force  equivalent  to  the  known  depths  of 
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the  Atlantic,  bnt  to  prove  experimentally  the  properties  which  pecn- 
liarly  belong  to  the  material  now  in  use  for  the  purposes  of  insolation 
under  the  varied  conditions  of  pressure,  temperature,  &c.  This  being 
the  case,  and  as  these  experiments  were  carried  to  a  much  greater 
extent  as  regards  pressure,  we  deem  it  essential  to  give  them  t»  extenso* 

The  following  experiments  were  prosecuted  at  the  request  of  the 
Commission,  with  a  view  to  determine  how  far  the  different  kinds  of 
material  proposed  as  insulating  coverings  for  electric  submarine  cables 
were  reliable  when  placed  at  the  bottom  of  the  ocean  under  the  pressnze 
of  superincumbent  water.  It  appears  that  all  insulators  which  have 
been  subjected  to  experiment  absorb  more  or  less  water  under  pressure, 
even  those  that  are  closest  in  texture — such  as  vulcanized  india-rubber 
and  gutta-percha;  and  it  seems  that  this  absorption  increases  the 
longer  the  specimen  is  retained  under  water,  the  greater  the  pressnie 
to  which  it  is  subjected,  -«nd  the  higher  the  temperature  of  the  water 
in  which  it  is  immersed.  The  very  limited  time  which  has  been 
available  for  these  experiments  has  prevented  my  doing  more  than  to 
indicate  decisively  these  general  &ctB,  without  determining  the  nume- 
rical relations  of  the  quantities  absorbed  under  different  conditions  of 
time,  pressure,  or  temperature.  But  already  the  experiments  point 
out  a  very  important  inquiry,  some  of  the  methods  by  which  that  in- 
quiry may  be  prosecuted,  and  some  of  the  conditions  which  must  be 
attended  to  in  order  to  ensure  reliable  and  corresponding  results. 

Generally,  in  regard  to  insulating  power,  ilie  various  maierialB 
tried  arrange  themselves  in  the  following  order  of  permeability,  the 
first  absorbing  least  water,  and  the  last  absorbing  most : — 

1.  Chatterton's  compound. 

2.  Gutta-percha. 

8.  Masticated  india-rubber. 

4.  Vulcanized  india-rubber. 

5.  Carbonized  india-rubber. 

6.  Wray's  compound. 

7.  IJnmasticateid  bottle  india-rubber. 

The  experiments  on  the  insulating  power  of  various  cores  under 
pressure  are  less  complete  than  those  on  absorption,  and  have  been 
prosecuted  under  greater  difficulties  and  with  less  variety  of  con- 
ditions. 

So  far  as  the  experiments  go,  however,  Wray's  core  exhibited  very 
high  insulating  powers,  retaining  the  charge  longer  than  any  other 
tried.  Next  in  order  to  this  may  be  placed  a  core  of  pure  india-rubber 
coiled  in  two  coats  over  a  wire,  but  this  very  rapidly  lost  its  insulating 
power  under  pressure.  Then,  a  core  of  pure  gutta-percha  cured  by 
the  Mackintosh  process ;  and  the  experiments  on  this  are  perhaps  the 
most  satisfactory  of  the  series.  The  pressure  was  retained  upon  the 
cable  for  406  hours,  in  which  period  it  exhibited  considerable  dimi- 
nution of  insulation.  A  core  of  twenty  alternate  coats  of  gutta-percha 
and  Chatterton's  compound  also  exhibited  good  insulation  unimpaired 
after  170  hours'  immersion.  The  experiments  on  a  core  subjected  to 
pressure  in  an  insulating  liquid  before  being  placed  in  our  hiuids  gave 
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Table  I. — First  Series  of  Ejcperiments  on  Ahsorpticn,  under  a  Pressure  of  20,000  ttr. 
per  square  inch,  reduced  to  100  hours*  exposure  and  10  inclies  area. 

Rednced  regolts. 


i^ 


1 

2 
3 
4 


IXSULATOBS. 


India-rubber    .... 
India-rubber  with  carbon 
Wray's  compound    .    . 
Gutta-percha  .... 


so  .^ 
w  «  _• 
£X5  g* 


20,000 
20,000 
20,000 
20,000 


lent 
nof 

nof 
are, 
rs. 

Equlval 
Colum 
Water 
miles. 

Durotio 
Expoff 
in  hou 

8-720 

100 

8-720 

100 

8-720 

100 

8-720 

100 

Hi 


10 
10 
10 
10 


A^. 


"2 


^ 


0-177 
0-055 
0-072 
0*044 


rubber.  The  pure  india-rubber  appears  to  combine  snperficjially  with 
water  as  the  snrfSa.ce  becomes  white,  either  at  parts,  in  the  present  expe- 
riment, or  oyer  the  whole  surface.  The  carbon  appears  to  prevent  the 
formation  of  this  hydrate,  and  at  the  same  time  reduces  the  elasticify 
of  the  native  rubber,  and  enables  it  to  be  worked  more  kindly. 

In  the  next  series,  the  whole  of  the  specimens  were  placed  in  the 
same  cylinder,  Fig.  1,  and  remained  under  pressure  during  the  same 
period  and  under  the  same  conditions. 

Table  II. — Experiments  an  Absorption^  under  a  Pressure  of  6,000  lbs.  and  at  the 

Ordinary  Temperature. 

Results  reduced  to  10  inches  area. 


1 

4 
8 
9 
10 
11 
7 


2 

13 
14 


5 
13 


6 
12 


IVBULATOB*. 


India-rubber,  unmasticated 
India-rubber,  masticated 


11 


>s 


*f 


India-rubber,  vulcanized 
India-rubber,  carbonized 


Gutta-percha 
»»         » 

»»         »» 


Wray's  compound     .    . 


»» 


»» 


Cliatterton's  compound 


•t  • 


n 


5,900 
5,900 
6,900 
5,900 
5,900 
5,900 
5,900 


5,900 
5,900 
5,900 


5,900 
5,900 


5,900 
5,900 


fill 


2" 

2 

2- 

2 

2 

2 

2 


575 
575 
575 
575 
575 
575 
575 


2-575 
2-575 
2-575 


2- 
2 


575 
575 


2-575 
2-575 


o  o 
si 


o 


& 


450 
450 
450 
450 
450 
450 
450 


450 
450 
450 


450 
450 


450 
450 


10 
10 
10 
10 
10 
10 
10 


]0 
10 
10 


10 
10 


10 
10 


3-075 
0-023 
0-636 1  gi 
0  700}o 
0-71llo 
0-146 
0-980     ■ 


0-378)1- 
0-177>§ 
0  366' o 


0-7501S 

0-700i*r- 

o 


f ..  A 


0-375)^ 
0-183 
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These  tables  show  that,  of  all  the  substances  tried,  native  unmas- 
ticated  india-rubber  absorbs  by  far  the  most  water.  The  whole  surface 
of  the  specimen  had  lost  its  black  colour,  and  become  whitened  during 
the  experiment.  Taking  the  mean  of  three  experiments  very  closely 
agreeing,  we  find  that  native  india-rubber,  after  manufacture,  absorbs 
less  water  than  in  its  native  state,  in  the  proportion  0*682  to  3*07, 
or  1 :  4j^.  Vulcanized  india-rubber  appears  to  be  the  least  absorbent 
substance  tried,  but  when  combined  with  carbon,  it  absorbs  nearly  one- 
third  more  water  (according  to  the  results  in  this  table)  than  in  its 
pure  masticated  state.  Gutta-percha  and  Chatterton's  compound  are 
nearly  alike  in  their  resistance  to  absorption,  the  latter  being  superior. 
In  these  experiments  they  increased  in  weight  only  one-half  as  much 
as  pure  india-rubber  (masticated),  and  twice  as  much  as  vulcanized 
india-rubber.  Wray*s  compound  absorbed  rather  more  than  masticated 
india-rubber.     Marine  glue  lost  instead  of  increasing  its  weight. 

Comparing  these  experiments  with  the  last,  we  find  that  these 
materials  are  far  from  following  a  law  of  simple  proportion  in  the 
amount  of  water  absorbed  in  different  times.  The  present  experiments 
were  made  under  a  pressure  of  6,900  lbs.  per  square  inch,  and  lasted 
for  a  period  of  450  hours.  The  last  were  made  under  a  pressure  of 
20,000  lbs.,  and  lasted  less  than  100  hours.  In  the  present  experi- 
ments, carbonized  india-rubber  absorbed  seventeen  times  as  much  as  in 
the  former ;  Wray's  compound,  ten  times ;  gutta-percha,  seven  times ; 
and  masticated  india-rubber,  only  four  times.  Hence  it  appears  that, 
other  things  being  equal,  masticated  india-rubber  would  be  most 
advantageous,  and  carbonized  india-rubber  least  so,  as  insulators; 
because,  so  far  as  these  experiments  afford  data  for  generalizing, 
masticated  india-rubber  follows  a  rate  of  absorption  diminishing  most 
with  time,  and  carbonized  india-rubber  least  so.  This  deduction,  how- 
ever, is  complicated  by  the  fact  of  a  difference  of  pressure,  and  possibly 
of  temperature,  in  the  two  experiments. 

The  order  of  merit  in  resisting  absorption,  as  derived  from  this 
series  of  experiments,  is — 

1.  Vulcanized  india-rubber. 

2.  Chatterton's  compound. 

3.  Gutta-percha. 

4.  Masticated  india-rubber. 
6.  Wray's  compound. 

6.  Carbonized  india-rubber. 

7.  India-rubber  not  masticated. 

The  next  series  of  experiments  was  made  under  greater  pressure, 
but  in  the  same  manner  and  for  the  same  period  of  immersion. 
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Table  in. — Third  Series  of  Experiments  on  Absorption,  at  Ordinary  TempercUures. 

Beduction  of  results  to  10  inches  area. 


No.  of  Ex- 
periment. 

Inbulatobs. 

Preasurc,  in 
lbs.  per 
sq.  inch. 

Equivalent 
Column  of 
Water,  In 
miles. 

Duration  of 
Exposure, 
in  hours. 

Area  of  Spe- 
cimen, in 
sq.  Inches. 

Water  ob- 
Borbed,  in 

grains, 

6 
7 
8 
9 
10 

Raw  india-nibber  .    .    . 

Masticated  india-rubber  . 

tt                 »           • 

»»                          n 

Carbonized  india-rubber  . 

15,000 
15,000 
15,000 
15,000 
15,000 

6.54 
6  54 
6-54 
6-54 
6-54 

450 
450 
450 
450 
450 

10 
10 
10 
10 
10 

1-65 

0-22)^ 

0-29>^ 

0-30*«» 

0-29 

5 

Gutta-percha     .... 

15,000 

6-54 

450 

10 

0-18 

1 
2 

W ray's  compound  .    .    . 
»»             »»         ... 

15,000 
15,000 

6-54 
6-54 

450 
450 

10 
10 

0-56IK 
0-58fo 

3 

4 

Chatterton's  compound  . 

15,000 
15,000 

6-54 
6-54 

450 
450 

10 
10 

0-054IB 
0-058/^ 

The  temperature  during  these  experiments  was  generally  lower 
than  in  the  second  series,  being  frequently  at  the  freezing-point  There 
was  loose  ice  in  the  cylinder  when  opened. 

The  higher  pressures  in  these  experiments  seem  to  bring  out  more 
decisively  ^e  differences  in  the  amount  of  absorption ;  but  it  is  remark- 
able that,  whilst  the  relative  absorption  does  not  widely  differ,  and  the 
order  of  the  insulators  in  their  resistance  to  absorption  is  the  same, 
the  absolute  quantity  absorbed  under  greater  pressure  is  less  than  in 
the  previous  series  of  experiments.  The  only  discrepancy  between 
the  two  series  of  experiments  is  the  relatively  low  absorption  of 
masticated  india-rubber. 

The  order  g£  merit,  or  power  of  resisting  absorption,  is  in  these 
experiments — 

1.  Chatterten*s  compound. 

2.  Gutta-percha. 

3.  Masticated  india-rubber. 

4.  Carbonized  india-rubber. 

5.  Wray's  compound. 

6.  Raw  india-rubber. 

The  last  in  this  series  absorbed  twenty-seven  times  as  much  as  the 
first;  gutta-percha  and  Chatterton's  compound  hold,  as  before,  the 
highest  place,  but  the  superiority  of  the  latter  was  more  manifest ;  it 
had  become  whitened  at  the  surface,  but  apparently  the  water  had 
penetrated  the  thinnest  possible  film. 

The  next  experiments  were  made  with  a  view  te  determine 
the  effect  of  temperature  on  the  absorption  of  water  by  these  in- 
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Comparing  the  numbers  in  this  table  with  those  in  the  first  seriesy 
which  were  made  midcr  precisely  similar  conditions  in  all  respects, 
except  temperature,  which  then  did  not  exceed  an  average  of  40°  or 
45°  Fahr.,  it  becomes  evident  that  temperature  has  a  considerable  effect 
on  the  amount  of  water  absorbed.  Thus,  gutta-percha  at  45°  absorbed 
0*044  grains;  at  75°,  0*27  grains,  or  six  times  as  much.  In  like 
manner,  india-rubber  absorbed  0*177  grains  at  a  lower  temperature, 
and  0*45  at  the  higher,  or  two-and-a-half  times  as  much.  Wraj's 
compound,  0*072  at  the  lower  temperature,  and  0*58  at  the  higher,  or 
seven  times  as  much. 

Beasoning  upon  the  foregoing  experiments,  a  question  arises  as  to 
the  ratio  or  quantity  of  water  absorbed  in  different  times,  and  the  con- 
dition of  the  specimens  after  a  much  more  lengthened  immersion.  The 
present  experiments,  although  showing  the  relative  permeability  of 
different  insulators,  do  not  afford  data  to  determine  the  ultimate  con- 
dition of  the  material  intended  to  surround  and  insulate  the  conducting 
wires  of  the  electric  cable.  To  ascertain  these  facts,  a  much  more 
enlarged  series  of  experiments  is  required,  extending  over  a  much 
greater  length  of  time.  If,  for  example,  gutta-percha  absorbs  *015 
grains  of  water  in  100  hours,  under  a  pressure  of  20,000  lbs.  on  the 
square  inch,  we  want  to  determine  the  corresponding  quantity  absorbed 
in  1,000  hours ;  and  further,  &t  what  period  will  the  continuous  ab- 
sorption cease  ?  These  are  questions  of  vital  importance  as  regards 
the  porosity  of  the  specimens ;  and,  when  ascertained,  we  should  still 
require  to  know  to  what  extent  the  insulation  of  the  electric  current 
would  be  impaired  in  the  cable  saturated  with  moisture. 

Shoidd  our  best  insulators,  such  as  Chatterton's  compound  or 
gutta-percha,  as  given  in  the  experiments,  arrive  at  a  point  at  which 
they  mil  absorb  no  more  water  under  a  given  pressure,  it  then  becomes 
necessary  that  we  should  ascertain  whether  the  water  imbibed  is  suf- 
ficient to  carry  off  the  whole  or  a  part  of  the  voltaic  current,  and 
whether  the  passage  of  the  current  through  the  insulator  woidd  acce- 
lerate, in  turn,  the  oxidation  and  consequent  destruction  of  the  con- 
ductor. To  solve  these  questions,  we  require,  in  my  opinion,  a  long 
series  of  carefiilly-conducted  experiments,  which  would  tend  to  give  a 
reliability  to  these  important  undertakings  which  at  present  they  have 
not  attained. 

The  earlier  experiments  on  the  insulating  power  of  various  cores 
when  placed  under  pressure  were  made  with  voltaic  electricity ;  but, 
owing  to  the  shortness  of  the  specimens,  it  was  found  impossible  to 
destroy  their  insulation  by  the  absorption  of  water  so  as  to  permit  a 
current  from  a  small  battery  to  pass  through  the  covering. 

Failing  in  this,  recourse  was  had  to  Motional  electricity,  which, 
from  its  high  intensity,  passed  with  greater  or  less  facility  through 
the  insulating  coverings  of  the  wire.  Still  the  difficulty  of  deciding 
upon  the  period  at  which,  after  remaining  under  pressure,  the  insu- 
lation began  to  grow  less  perfect,  remained  to  a  large  extent  unremoved. 
This  difficulty  was  very  much  increased  by  the  necessarily  short  period 
in  which  the  experiments  had  to  be  completed.  It  was  impossible  in 
many  cases  to  leave  the  cores  long  enough  under  pressure  to  ascertain 
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ments  on  insiilation  in  detail,  and  therefore,  as  in  the  fonner  experimentB 
on  permeability,  a  smnmary  of  results  will  suffice. 

SuiiMABT  OF  Resui/ts.  showing  approadmatdy  the  Time  required  in  each  for  a  Lon 
of  Charge  equivalent  to  a  FaU  of  the  Electrometer  Needle  0/50°. 


No.  of  Ex- 
periment. 

DiSOBXFTIOH  OT  OOBB. 

Pressure,  in 
iba.  per 
Bq.  incli. 

Equivalent 
Column  of 
Water,  in 
miles. 

Duration  of 
Exposure, 
in  hours. 

Time  re- 
quired for 
Loss  of  50O. 

I. 
1.2 

3 
4.5 

Gibraltar  core,  cured  by  ( 
Mackintosh                      ( 

10,000 
10.000 
10,000 

4-363 
4 '363 
4-363 

282 
328 
405 

136.20 

100.  0 

32.80 

IL 
1.2.3 

4 

5.6 

7 

8,9 

10 

11. 12. 13 

r 

Gore  impregnated  with  in- 
C     solating  liquid                 1 

0 
10,000 
10.000 
10,000 
13.000 
10,000 
10,000 

0 
4-363 
4-363 
4-363 
4-363 
4-363 
4-363 

0 
24 
48 
56 
77 
120 
170 

6:20" 
11.40 
27.35 
13.  0 
62.  0 
97.  0 
105.  0 

HL 

1.2 

Wray'BOore 

0 

0 

0 

1,800'.  0" 

rv. 

2 

"Wray'floore 

0 

0 

0 

/     it 
411.  0 

V. 

2 

3.4 

1  Core  imprecated  with  in-  ( 
)      sulating  bquid                  t 

10,000 
10,000 

4-363 
4-363 

4 
10* 

/     1/ 
68. 30 

44.15 

VL 

1 
2,3 

5 

6 

Core  of  20  alternate  coats 
*     of  gattarpercba  and      < 
Chatterton's  compoond    y 

0 
10,000 
10,000 
10,000 

0 
4-363 
4  863 
4-363 

0 
121 
150 
170 

95  30 

42.45 

118.  0 

100.50 

vn. 
1 

2 

Core  of  pure  indiarmbber   j 

0 
10,000 

0 
4-363 

0 

80 

443.  0 
18.  0 

VHL 

1.2 

3 

4,5.6 

7.8 

I  Gntto-peroha  core 

0 
10,000 
10,000 
10,000 

0 
4-363 
4  363 
4  363 

0 
264 
480 
576 

4'.30" 
8.  0 
4.  5 
3.37 

IX. 
1 
2 

j  India-rubber  core            *  | 

0 

3,9T7 

0 
1-72 

0 
390 

i     it 
26.  0 

0.  0 

X. 

1 
2 
3 

>  Silver's  india-rubber  core 

0 
0 
0 

0 
0 
0 

0 
0 
0 

380'.  0" 
387.  0 
382.  0 

2x2 
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On  a  carefal  inspection  of  the  above  stumnary,  it  will  be  seen  that 
a  great  difference  exists  in  the  retentive  powers  of  the  different  insn- 
lators  under  severe  pressure  :  these  anomalies  almost  defy  attempts  at 
comparison.  If  we  take  No.  1,  the  Gibraltar  core,  cured  by  Mackintosli, 
we  have,  after  an  immersion  of  282  hours,  at  the  enormous  pressure  of 
10,000  lbs.  per  square  inch,  a  power  of  retention  of  186  minutes ;  at 
825  hours'  immersion,  it  is  reduced  to  100  minutes ;  and  at  405  hours*, 
it  is  still  further  reduced  to  82  minutes,  showing  that  the  insulation 
is  very  considerably  affected  when  a  sufficiently  long  period  of  time  is 
allowed  for  the  permeation  of  the  cable.     In  the  next  series  of  experi- 
ments, on  a  core  impregnated  with  an  insulating  liquid,  we  have 
totally  different  results,  as  there  is  a  steady  and  progressive  gain  in 
the  insulating  powers  of  the  core.    At  24  hours  of  immersion,  we  have 
11  minutes  40  seconds ;  at  48  hours,  27  minutes  25  seconds ;  and  so 
on  till,  at  170  hours,  the  charge  is  retained  for  a  period  of  105  minutes. 
Wray's  core  was  too  small  to  be  fixed  in  the  cylinder ;  but  it  retained 
a  charge  under  atmospheric  pressure  for  1,300  minutes,  and  hence 
manifested  a  superiority  to  all  the  other  cables  tried.    In  another  trial 
with  a  larger  cable,  this  insulator  also  gave  very  satisfactory  results. 
In  No.  5  core,  of  twenty  alternate  coats  of  gutta-percha  and  Chatterton's 
compound,  there  are  the  variable  results  of  an  increase  in  the  first  five 
experiments  from  48  minutes  in  121  hours  to  118  minutes  in  150 
hours ;  whilst  in  the  sixth  experiment,  the  retention  after  170  hours' 
immersion  again  falls  to  100  minute&    These  discrepancies  are  diffi- 
cult to  account  for,  and  a  more  lengthened  series  of  experiments  is 
required  for  the  attainment  of  accurate  results.    No.  6,  a  core  of  pure 
india-rubber,  indicated  very  good  insidation  before  the  pressure  was 
applied;   but  after  80  hours'  immersion  the  insulation  was  almost 
entirely  destroyed. 

The  very  important  question  of  insulation  in  deeply-submerged 
cables  is  far  from  having  received,  as  yet,  a  complete  solution.  The 
foregoing  experiments  are  satisfactory,  in  so  far  as  they  show  approxi- 
mately tiie  relative  porosity  of  various  materials;  but  they  do  not 
point  out  how  we  are  to  obtain  an  insulator  impermeable  to  water,  and 
at  the  same  time  a  good  non-conductor.  This  desideratum  has  yet  to 
be  attained. 

We  might  have  extended  our  illustrations  on  the  permeability,  effects 
of  temperature,  and  other  conditions  connected  with  the  insulators  now 
in  use;  but  having  already  enlarged  the  article  considerably  beyond 
the  usual  limits,  we  must  conclude  with  observing,  that  in  the  second 
attempt  to  ensure  success,  as  regards  both  the  manufacture  and  laying 
of  the  cable,  a  second  series  of  elaborate  experiments  had  been  insti- 
tuted, under  the  direction  of  a  scientific  committee  appointed  for  that 
purpose.  The  results  of  the  experin^ents  are  satisfactory  and  interest- 
ing, but  we  must  reserve  them  for  a  future  notice,  at  a  time  when  the 
manu&cture  is  further  advanced,  and  when  we  may  confidently  hope 
that  the  efforts  now  making  on  the  part  of  the  directors  of  the  Atlantic 
cable  will  be  crowned  with  success. 

In  the  meantime,  let  us  present  our  readers  with  drawings  and 
particulars  of  the  two  cables,  showing  that  which  fiuled  in  1858,  and 
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from  Webster  and  Horsfall'0  homogimeoas  iron,  each  wire  siiRoiinded  separately 
with  5  strands  of  Manilla  yam,  saturated  wilii  a  preservative  oomponnd,  and  tbe 
whole  laid  spirally  around  the  core,  which  latter  is  padded  with  ordinaxy  hemp, 
saturated  with  preservatiye  mixture. 

Weight  in  Air. — 35  cwt.  3  qrs.  per  nautical  mile. 

Weight  in  Water, — 14  cwt.  per  nautical  mUe,  or  equal  to  11  times  its  weight 
in  water  per  knot ;  that  is  to  say,  it  will  bear  its  own  weight  in  11  miles  depth  of 
water. 

Breaking  Strain, — 7  tons  15  cwt 

Deepen  Water  to  be  Encountered. — ^2,400  &thoms,  or  less  than  2}  nautical  miles 
in  depth. 

T?ie  Contract  Strain  is  equal  to  11  times  its  weight  per  nautical  mile  in 
water. 

One  Knot,  being  in  fathoms  » 1,014  X  11  <»  VMf  ^*^  ^^"^  ^  strength 
requisite  for  the  deepest  water. 


ON  THE  PBOPOBTIONAL  NUMBEES  OF  THE 

ELEMENTS. 

By  William  Odlino,  M.B.,  F.B.S. 

Upon  arranging  the  atomic  weights  or  proportional  ntimbers  of  the 
sixty  or  bo  recognized  elements  in  the  order  of  their  several  magni- 
tades,  we  observe  a  marked  continuity  in  the  resulting  arithmetical 
series,  the  only  exceptions  to  the  very  gradual  increase  in  value  of 
the  consecutive  terms  being  manifested  between  the  numbers  40  and 
50,  65  and  75,  96  and  104,  188  and  184, 184  and  195,  and  210  and 
231-5,  thus:— 


H 

1 

Hydrogen. 

Fe 

56      Iron. 

Cd 

112 

Cadmium. 

L 

7 

Lithium. 

Co 

59      Cobalt. 

Sn 

118 

Tin. 

G 

9 

Glucinum. 

Ni 

59.    Nickel. 

U 

120 

Uranium. 

B 

11 

Boron. 

Cu 

63*5  Copper. 

Sb 

122 

Antimony. 

0 

12 

Carbon. 

Yt 

64      Yttrium. 

I 

127 

Iodine. 

N 

14 

Nitrogen. 

Zn 

65      Zinc. 

Te 

129 

Tellurium. 

0 

16 

Oxygen. 

As 

75      Arsenic. 

Cs 

133 

Caesium. 

F 

19 

Fluorine. 

Se 

79*5  Selenium. 

Ba 

137 

Barium. 

Na 

23 

Sodium. 

Br 

80      Bromine. 

V 

137 

Vanadium, 

Mg 

24 

Magnesium. 

Kb 

85      Rubidium. 

Ta 

138 

Tantalum. 

Al 

27*5  Aluminium. 

Sr 

87-5  Strontium. 

W 

184 

Tungsten. 

Si 

28 

Silicon. 

Zr 

89 '5  Zirconium. 

Cb 

195 

Niobium. 

P 

31 

Phosphorus. 

Ce 

92      Cerium. 

Au 

196-5  Gold. 

S 

32 

Sulp  lur. 

Tia 

92      Lanthanum. 

Pt 

197 

Platinum. 

CI 

35-5  Chlorine. 

Dy 

96      Dydymium. 

Ir 

197 

Iridium. 

K 

39 

Potassium. 

Mo 

96      Molybdenum. 

Os 

199 

Osmium. 

Ca 

40 

Calcium. 

Ro 

104      Rhodium. 

Hg 

200 

Mercury. 

Ti 

50 

Titanium. 

Ru 

104      Ruthenium. 

Tl 

203 

Thallium. 

Or 

52 '5  Chromium. 

Pd 

106-5  Palladium. 

Pb 

207 

Lead. 

Mn 

55 

Manganese, 

Ag 

108      Silver. 

Bi 

210 

Bismuth. 

Th 

231-5  Thorinam. 
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With  what  ease  this  purelj  arithmetical  seriation  may  be  made  to 
accord  with  a  horizontal  arrangement  of  the  elements  according  to 
their  usually  received  groupings,  is  shown  in  the  following  table,  in 
the  first  three  columns  of  which  the  numerical  sequence  is  perfect^ 
while  in  the  other  two  the  irregularities  are  but  very  few  and 
trivial: — 


•  •  ■  «  •  •   *-  * 

•  ••«••  xj 

G 
..B 


7 

9 

11 


0      12 

...N     14 
O     16 

•  •••••  H  X«7 

Na  23 

Mg  24 


»t 


ff» 

Al  27-5 

Bi  28 

P  31 

8  32 

01  35-5 

K  39 

Ga  40 

Ti  50 

»• 

Or  52-5 

Mn  55 

Fe  56 

Oo  59 

Ni  59 

V  Oa  63-5 


Zn   65 


•f 


Ab  75 

Be  79-5 

Br  80 

Rb  85 

Br  87-5 

Zt  89*5 

Oe  92 

Mo  96 


(Bo   104 
Ba  104 
[pt    106*5 
Ag  108 
Od   112 


tf 


V     120 
Bn   118.. 
Sb    122 
Te   129., 
I      127 
Os    133 
Ba  137... 
Ta   138 


Pt  197 
Ir  197 
Ob  199 
Au  196*5 

Hg  200 

Tl   203 

Pb  207 \ 


Bi    210 


{ 


V    137... 
W    184 


Th  231-5: 


If  we  compare  together  certain  pairs  of  more  or  less  analogous 
elements,  we  find  in  a  considerable  number  of  instances,  embracing 
one-half  the  entire  number  of  elements,  a  difference  in  atomic 
weight  ranging  from  84-5  to  97,  as  shown  in  the  following  table : — 
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I 

CI 

or    127 

35-5 

^^ 

91-5 

Au 

— 

Ag 

296-5 

— 

108 

zz 

88-5 

Ag 

— 

Na 

108 

— 

23 

— 

85 

Cs 

— 

K 

133 

— 

39 

r= 

94 

Te 

-. 

S 

129 

~ 

32 

aK 

97 

W 

^ 

Mo 

184 

— 

96 

=: 

88 

V 

— 

Cr 

137 

— 

62-5 

IS 

84-5 

^ 

_ 

Cd 

200 

~ 

112 

szz 

88 

< 

— 

Mg 

112 

— 

24 

^ 

88 

Ba 

^ 

Ca 

137 

— 

40 

rs 

97 

Bi 

— 

Sb 

210 

— 

122 

= 

88 

Sb 

•~ 

P 

122 

— 

31 

=: 

91 

U 

— ' 

Al 

120 

— 

27-5 

z= 

92-5 

Pb 

— 

Sn 

207 

— 

118-5 

= 

88-5 

Sn 

— 

Si 

118-5 

— 

28 

^ 

90-5 

Ta 

— 

Ti 

138 

— 

50 

^z 

88 

Pt 

— 

Ro 

197 

— 

104 

= 

93 

* 

Os 

"• 

Pd 

199 

^ 

106*5 

= 

92-5 

In  about  one-lialf  of  the  above  instances,  the  two  elements 
associated  with  one  another,  are  known  to  be  the  first  and  third  terms 
respectively  of  certain  triplet  families ;  and  the  discovery  of  inter- 
mediate elements  in  the  case  of  some  or  all  of  the  other  pairs,  is  not 
by  any  means  improbable.  Oonseqnent  upon  the  existence  of  these 
triplet  gronps,  we  have  a  considerable  nmnber  of  pairs  of  elements, 
also  including  more  than  one-half  the  entire  nmnber  of  elements, 
in  which  the  average  difference  of  atomic  weight  is  about  half  as 
great  as  the  average  difference  between  the  previously  cited  pairs, 
thus: — 


I 

Br 

or    127 

80 

^ 

47        or    48 

Br 

— 

CI 

80 

-. 

35-5 

~~ 

44-5 

44 

Ga 

— 

Rb 

133 

-. 

85 

s: 

48 

48 

Bb 

— 

K 

85 

— 

39 

= 

46 

48? 

Te 

— 

Se- 

129 

— 

80 

=s 

49 

48 

Se 

— 

S 

80 

— 

32 

"^ 

48 

48 

W 

-. 

V 

184 

-. 

137 

^z 

48 

48 

V 

— 

Mo 

137 

— 

96 

^^ 

41 

40 

Mo 

— 

Cr 

96 

— 

52-5 

= 

43-5 

44 

Cd 

— 

Zn 

112 

— 

65 

SB 

47 

48 

Zn 

~ 

Mg 

65 

. 

24 

^z 

41 

40 

Ba 

— 

Sr 

137 

— 

87-5 

= 

49-5 

48 

Sr 

— 

Ca 

87-5 

-. 

40 

H: 

47-5 

48 

Sb 

— 

As 

122 

— 

75 

sz^ 

47 

48 

As 

— 

P 

75 

• 

31 

ss 

44 

44 

Ta 

— 

Zr 

138 

— 

89-5 

= 

48-5 

48 

Zr 

*^" 

Ti 

89-5 

"• 

50 

^ 

39-5 

40 

At  present  there  seems  no  reason  to  anticipate  the  existence  of  an 
intermediate  term  between  any  one  of  these  pairs  of  elements. 

In  ten  instances  we  find  that  more  or  less  analogous  elements 
have  a  difference  in  atomic  weight  of  16,  or  something  approximating 
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olosely  thereto ;  and  in  Beven  of  these  instanceB,  the  element  of 
lowest  atomic  weight  is  the  first  member,  and  the  element  compared 
therewith  the  second  member  of  the  group  to  which  they  both 
belong,  or  may  be  considered  to  belong,  as  shown  in  the  following 
table,  which  includes  nearly  one-third  of  the  entire  number  of 
elements : — 


01 

_ 

F 

or      35-5 

„. 

19 

— 

16-5 

K 

— 

Na 

39 

- 

23 

= 

16 

Ka 

— 

L 

23 

— 

7 

s 

16 

Mo 

- 

Se 

96 

— 

80 

=3 

16 

• 

S 

— 

0 

32 

— 

16 

:= 

16 

Ca 

- 

Mg 

40 

— 

24 

= 

16 

Mg 

— 

G 

24 

- 

9 

= 

15 

P 

— 

N 

31 

— 

14 

= 

17 

Al 

— 

B 

27  5 

— 

11 

= 

16-5 

Si 

— 

0 

28 

— 

12 

= 

16 

In  looking  over  the  above  tables,  we  can  scarcely  help  noticing 
that  those  elements  whose  resemblance  to  one  another  is  most 
pronounced,  have  a  difference  of  about  48  between  their  respectiye 
atomic  weights,  that  is  to  say,  the  largest  difference  in  atomic  weight 
known  to  exist  between  what  are  conceived  to  be  proximate  elements, 
as  shown  in  the  following  table,  which  also  includes  nearly  one-third 
of  the  entire  number  of  elements.  For  example,  the  resemblance  of 
cadmium  to  zinc,  where  the  difference  in  atomic  weight  is  47,  is 
greater  than  the  resemblance  of  zinc  to  magnesium,  where  the 
difference  is  41 ;  while  the  resemblance  of  antimony  to  arsenic, 
where  the  difference  is  again  47,  is  greater  than  the  resemblance  of 
arsenic  to  phosphorus,  where  the  difference  is  44.  Moreover,  the 
co-resemblances  of  csBsium,  rubidium,  and  potassium,  and  of  barium, 
strontium,  and  calcium,  with  a  common  difference  of  about  48  between 
the  proximate  members,  are  far  closer  than  the  co-resemblances  of 
potassium  and  sodium,  and  of  calcium  and  magnesium  respectively, 
with  a  difference  of  16  in  each  instance : — 


r* 

Zn 

65      + 

47 

Cd 

112 

f» 

» 

As 

75      + 

47 

Sb 

122 

f> 

tt 

Br 

80      + 

47 

I 

127 

»• 

S      32 

+ 

48 

Se 

80      + 

49 

Te 

129 

*» 

K     39 

+ 

46 

Bb 

85      + 

48 

Gb 

133 

•« 

Ca   40 

+ 

47-5 

Sr 

87-5  + 

49-5 

Ba 

137 

»» 

If 

Zr 

39  5  + 

48-5 

Ta 

138 

w 

It 

n 

V 

137  +  48 

W    184 

646 


Original  Articles, 


[Oct. 


If  we  consider  the  analogons  elements  haying  a  difieienoe  o£ 
abont  48  in  their  respective  atomic  weights,  to  stand  upon  the  same 
level,  we  may  represent  those  with  a  diSbrenoe  of  44  or  40  as  stand- 
ing one  or  two  stages  above  or  below  the  level,  as  shown  in  the  nexfc 
table : — 


•1 

Br   80 

I      127 

Dif.4 

. 

F     19 

01 

35-5 

ft 

*% 

o 

tf 

f> 

Ag  108 

Au  196-5 

i^ 

Dif.ia 

L      7 

Na 

23 

t* 

tf 

Tl    203 

Diiie 

>-4 

E 

89 

Bb  85 

Os    133 

ft 

0     16 

8 

32 

Se    80 

Te   129 

ft 

nif.a 

t* 

»f 

V     137 

W  184 

I>if.8 

ft 

Mo  96 

ft 

t* 

* 

Dif.4 

• 

\ 

Or 

52-5 

n 

>t 

ft 

p 

ft 

Zn  65 

Od  112 

Hg    200 

Dif.8 

G      9 

Mg 

24 

»i 

•* 

Pb     207 

Ditl6 

Oa 

40 

Sr    87-5 

Ba   137 

tt 

f9 

Ab  75 

8b   122 

Bi      210 

Dif.4 

• 

N      14 

P 

81 

t* 

» 

tf 

n: 

1 

Dlf.4 

9* 

ft 

U  120 

B     11 

Al 

27*5 

n 

t» 

Dif.l6 

1* 

Oe   92 

*f 

»f 

ft 

8ull8 

ff 

Dif.8 

rS 

0      12 

Si 

28 

n 

ft 

ft 

^ 

Dif.ia 

i2 

ft 

7a    89*5 

Ta   138 

ft 

ft 

H 

Dif.8 

Ti 

60 

it 

ft 

Ob  195* 

Th.  251-5 

By  a  slight  modification   of  the  above   table,   the  occnpants 
of  similar  positions  in  different  groups,  having   nearly  the  same 

*  The  analysiB  of  niobio  ohlbride  by  H.  Bose  gives  195,  while  the  deter- 
mination of  its  vapour  density  Iry  Deville  and  Troost  gives  173  for  the  atomic 
weight  of  niohiuin,  the  mean  being  184. 
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atomio  weights,  may  be  brought  into  assooiation  with  one  another, 
thus: — 


tl 

n 

U 

108 

An 

196-5 

•* 

Zn 

65 

112 

Hg 

200 

Na 

23 

»> 

9> 

Tl 

203 

Mg 

24 

•• 

ft 

Pb 

207 

ft 

M 

Sn 

118 

tt 

Al 

27-5 

■»» 

U 

120 

tt 

>t 

As 

75 

Sb 

122 

Bi 

210 

8i 

28 

»• 

>• 

t» 

P 

31 

•f 

It 

tf 

S 

32 

Se 

79-5 

Te 

129 

*t 

>f 

Br 

80 

I 

127 

tt 

01 

85-5 

•> 

ft 

M 

K 

39 

Bb 

85 

Gs 

133 

•f 

• 

tt 

tf 

V 

187 

tt 

Ga 

40 

Sr 

87-5 

Ba 

137 

tf 

t« 

Zr 

89*5 

Ta 

138 

H 

t» 

Oe 

92 

>• 

ft 

tf 

Mo 

96 

»» 

»f 

Ti 

50 

t) 

tt 

Th 

231-5 

Or 

52-5 

»» 

H 

n 

The  paralleligm  between  the  monatomic  and  diatomic  alkaline 
groups,  is  shown  still  more  strikingly  below : — 


Ditl. 

Dlf.2. 

Di£,  4. 

Dif.  4. 

ft 

X      63 

Ag     108 
Cd     112 

An  196-5 

tf 

Zn     65 

Hg  200 

Dif.  8 

L 

7 

Na       23 

ft 

tf 

Tl    203 

G 

9 
Dif.16 

Mg      24 

ft 

•t 

• 

Pb   207 

K        89 

Bb     85 

Gs      133 

ff 

Ga       40 

Sr      87-5 

Ba     137 

ft 

Seeing  the  large  number  of  instances  in  which  the  atomic  weights 
of  proximate  elements  differ  from  one  another  by  48,  or  44,  or  40,  or 
16,  we  cannot  help  looking  wistfully  at  the  number  4,  as  embodying 
somehow  or  other  the  unit  of  a  common  difference,  especially  when 
we  find  in  addition  that  several  pairs  of  strictly  analogous  elements 
differ  in  atomic  weight  by  this  same  number,  as  idiown  below  : — 


•          • 

Fe    - 

Gr 

or 

56      -     52-5 

=     3-6 

Go    - 

Mn 

or 

59      -     55 

=     4 

Cn     - 

Ni 

or 

63-5  -     59 

=     4-5 

Dy    - 

Ge 

or 

96-92 

=    4 
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But  on  the  other  hand  it  must  be  borne  in  mind  that  the 
differences  between  the  seyeral  atomic  weights  compared  with  one 
another,  are  for  the  most  part  not  exactly  but  only  approxunately 
multiples  of  4 ;  whilst  in  a  few  instances,  at  any  rate,  tiie  approx- 
imate difference  in  atomic  weight  between  clos^y  allied  elementa, 
is  not  4  or  some  multiple  of  4,  but  2  or  some  odd  multiple  of  2,  and 
in  other  instances  even  1  or  0. 

Since  many  of  the  elements  occupying  analogous  positions  in 
different  groups  have  closely  approximating  atomic  weights,  it  is 
evident  that  the  mere  determination  of  the  atomic  weight  of  a  newly- 
discoTered  element  assists  us  but  yery  little  in  deciding  to  what  group 
it  belongs,  but  only  indicates  its  position  in  the  group ;  since  among 
the  members  of  every  well-defined  group  the  sequence  of  properties 
and  sequence  of  atomic  weights  are  strictly  parallel  to  one  anotiber. 

Doubtless  some  of  the  arithmetical  relations  exemplified  in  the 
foregoing  tables  and  remarks  are  simply  accidental ;  but  taken  alto- 
gether, fiie^  are  too  nxmierous  and  decided  not  to  depend  upon  some 
hitherto  unrecognized  general  law. 


ON  THE  BUTTEEFLIES  OP  MADAGASOAB. 
By  BoLAND  Tbiusn  (Cape  Town),  Memb.  Eni  Soc.  Lend. 

Ik  the  belief  that  a  brief  consideration  of  the  Bhopalocera  inhabiting 
Madagascar  may  in  some  degree  aid  in  the  investigation  of  the  relations 
of  the  general  fiiuna  of  the  island  to  that  of  Africa,  which  has  been  so 
ably  commenced  by  Dr.  Sclater,*  I  have  drawn  up  the  following  notes. 
I  must  at  the  outset  express  my  regret  that  the  materials  at  my  disposal 
have  been  too  scanty  to  admit  of  the  preparation  of  a  paper  affording 
a  complete  view  of  the  subject  under  discussion ;  but  it  is  hoped  that 
these  few  remarks  may  prove  of  service  to  those  who  have  access  to 
ample  means  of  pursumg  the  inquiry.  I  would  observe,  however,  that 
the  data  and  observations  here  given  are,  for  the  greater  part,  the 
results  of  some  years'  study  of  the  butterflies  of  Southern  Africa.  My 
obligations  to  Dr.  Boisduval's  admirable  work,  the  '  Faune  Entomolo* 
gique  de  Madagascar,  Bourbon  et  Maurice/f  are  too  manifest  to 
require  comment. 

The  total  number  of  butterflies  known  to  me  as  inhabiting  Mada- 
gascar (exclusive  of  the  Mascarene  Islands)  is  73.  These  73  species 
are  comprised  in  34  genera,  and  belong  to  the  following  11  fEunilies, 
viz.  :J — PapilionidcB,  PieridcB^  Danaidm^  AcrcBidce,  NymphalidcB^  Saty^ 
ridcB,  EurytelidcBy  LibytheidcB,  ErycinidcBy  LyccenidcB,  and   Hegperidx. 

• 

*  **  The  Mammals  of  Madagascar, '  in  *  Quarterly  Journal  of  Science,'  No.  2, 
April,  1864. 

t  Paris,  1833. 

X  I  follow  the  arrangement  of  Messrs.  Doubleday  and  Westwood's  '  Genera  of 
Diurnal  Lepldoptera.' 
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All  these  families  are  represented  in  Africa.  The  four  families  which, 
it  appears,  are  not  represented  in  Madagascar  are  also  wanting  on  the 
A&'ican  continent,  and  are  these,  viz,:^TheAgeronid€e,  Hdiconidce,  and 
BrassolidcB,  which  are  confined  to  the  New  World  ;  and  the  MorphidoB, 
which,  though  chiefly  American,  are  represented  in  Asia  by  several 
species. 

It  will,  perhaps,  more  clearly  exhibit  the  close  connection  between 
the  continental  and  insular  Bhopalocera  if,  at  the  risk  of  wearying  the 
reader  with  details,  the  genera  and  species  of  each  Madagascarian 
femily  are  briefly  c Jnsider^  in  regular  order.  ^^ 

The  PAFiLioNiDiB,  a  family  which,  though  poor  in  generic  forms,  is 
numerous  in  species  and  of  world-wide  distribution,  are  represented  by 
six  species  of  the  genus  PapiliOy  if  we  include  the  doubtfully  distinct 
P.  Epiphorhas,  which  Boisduval  himself  considers  '^  pourroit  bien 
n'Stre  qu'une  modification  locale'*  of  the  Mauritian  P.  Phorhanta^  Linn.,* 
and  if  P.  NiretUy  Linn.,  be  truly  a  native.  The  last-named  species, 
P.  Merope,  Cram.,  and  P.  Demoleu8y  Linn.,  range  over  the  greater  part 
of  Africa,  extending  to  Sierra  Leone  ;  Lalandei,  Godt.,  inhabits  South 
Africa ;  and  the  splendid  Anterior,  Drury,  taken  by  Mr.  E.  L.  Layard, 
on  the  north-west  coast  of  Madagascar,  is  recorded  by  both  Boisduvalf 
and  WestwoodI  as  a  native  of  tropical  Africa,  a  specimen  in  the 
Hopeian  Collection  having  been  received  from  Timbuctoo. 

The  FiSBEDJB  include  the  four  genera  Pontia,  Pierie,  Anthocharis, 
and  Terias,  comprising  in  all  nine  species :  Pontia  syvicola,  £d. 
(=  Narica,  Fab.  =  Alcesta,  Cram.),  ranges  to  Senegal.  Of  the  genus 
JPieria,  one  species,  Helcida,  Bd., — if  not  a  variety  of  the  African 
CMoris,  Fab., — ^is  endemic ;  Phileris,  Bd.,  is  found  in  Southern  and 
Eastern  Africa  ;  Orhona  and  Malaiha,  Bd.  (=  Saba,  Fab.),  in  Eastern 
and  Western  Africa;  while  the  abundant  Mesentina  extends  from 
Damara  Land  to  Bengal.  Anthocharis  Evanihe,  Bd.,  is  among  the 
species  taken  in  Madagascar  by  Mr.  Layard ;  and  a  specimen  in  the 
British  Museum  purports  to  be  from  "  South  Africa,"  but  this  liohitat 
seems  doubtful.  The  three  species  of  Teriae  are  all  African ;  but 
while  Floricola,  Bd.  (=  Hecabe,  LinnJ,  ranges  to  Java  and  Northern 
Lidia,  and  PtdcheHa,  Bd.  (=  Bahd,  Fab.),  is  found  at  Sierra  Leone, 
Desjardinsii,  Bd.,  does  not  appear  to  spread  farther  than  the  Eastern 
and  Southern  coasts  of  Africa. 

But  one  of  the  recorded  three  genera  and  four  species  of  the  family 
Danaxda  is  found  in  Africa,  and  that  one,  Danais  Chrysippm,  Linn., 
is  everywhere  abundant,  and  is  also  conmion  in  Southern  Asia.  Heetia 
Lyncea,  Drury,  inhabits  the  Eastern  Archipelago ;  but  EuplcBa  Phcedone 
and  Euphone,  Fab.,  appear  to  be  limited  in  range  to  Madagascar  and 
Mauritius. 

The  slow- flying,  inert,  but  abundant  butterflies  forming  the  family 
AoB(EiDiB  are  pre-eminently  African,  though  a  few  representatives  of 

*  *  Fanne  Ent.  de  Mad.,  &c.,'  p.  13.  Epiphorhas  and  Phorbanta  are  almost 
certainly  but  iasolar  varieties  of  the  widoW-rangiDg  and  abundant  P.  Nireug, 
which  Boisduval  (op.  eit,  p.  16)  considers  a  doubt^l  native  of  Madagascar. 

t  '  Species  O^nlral  des  Lep./  p.  190. 

{  *  Arcana  Entomologica,'  vol.  i,  p.  146. 
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the  gronp  are  American,  two  species  Asiatic,  and  one  Australian.  As 
many  as  ten  species  of  Acroea  ^the  only  genns  in  the  family)  liaye  been 
taken  in  Madagascar,  and  of  tnese  no  less  than  six  appear  pecnUar  to 
the  island.  The  fonr  found  in  Africa  are  Sganztni^  Bd.  (=  Lyda, 
Fab.),  and  Manjaca  Bd.  (=  Serena^  Fab),  extending  to  Sierra  Leone, 
and  the  South  African  Bakira,  Bd.,  and  Punctatissima,  Bd. 

Ten  genera  of  the  Ntmphalida  are  represented,  viz. : — AteUa  (1 
species),  Pyramda  (1),  Junonia  (5),  Myscdia  (1),  Cyreslis  (1),  NepUs 
(8),  Diadema  (2),  GodarUa  (1),  Aterica  (1),  NymphaUs  (1).  AteOa 
Phalanta,  Dru.,  inhabits  a  wide  region,  from  Sierra  Leone  to  Northern 
Lidia  and  Java.  The  world-wide  distribution  of  Pyrameis  Cardui^ 
Linn.,  is  well  known.  Two  species  of  Junonia  seem  endemic,  vtz. — 
Gandotii  and  Andremiajay  Bd.;  J.  Augustina,  Bd.,  occurs  in  Mauritius 
and  Bourbon;  Ehadama  is  found  in  Mozambique;*  and  Epidelioj 
Bd.  (=  var.  Cldia,  Cram.),  is  a  widely-spread  African.  MysceUa 
Madagascariensis,  Bd.,  is  peculiar  to  the  island.  CyresUs  degans^  Bd., 
must  also  be  classed  among  the  endemic  insects,  unless  the  species  { 

stated  by  Chenuf  to  inhabit  Sierra  Leone  should  prove  to  be  identical 
with  it.  Nepiis  Kihiddi,  Bd.,  does  not  appear  to  have  been  met  with 
out  of  Madagascar,  but  N,  Frchenia^  Fab.,  extends  to  Mauritius ;  and 
Sadava,  Bd.,  is  found  both  in  Mozambique^  and  in  the  Cape  Colony. 
Of  the  two  DiademcB^  Bolina,  Linn.,  has  an  extraordinary  range,  only 
second  to  that  of  P.  Cardui;  while  Duina,  Palis,  de  Beauy.,§  is  recorded 
from  both  Eastern  and  Western  Africa.  The  genus  Godartia  is  repre- 
sented in  Eastern  and  Western  Africa,  |]  but  G.  Madagaacariensis, 
Lucas,  does  not  seem  to  extend  beyond  the  ishind.  Aterica  Babena^ 
Bd.,  is  likewise  an  endemic  species.  Nymphalis  Candiope,  Gk)dt., 
taken  by  Mr.  Layard  on  the  north-west  coast  of  Madagascar,  inhabits 
the  country  west  of  Lake  Ngami,  from  whence  a  specimen  was  brought 
me  by  Mr.  John  A.  BeU. 

The  SATYBiDiB  would  appear  to  be  but  poorly  represented  in  the 
island,  only  four  species,  belonging  to  the  genera  CyUo,  ErdAa^  and 
Myccdesisy  being  recorded  in  the  '  Faune  Entomologique,'  &c.  CyUo 
Leda,  Linn.,  almost  rivals  Diadema  Bolina  in  its  area  of  distribution ; 
but  0.  Betsimenay  Bd.  (if  not,  as  I  am  inclined  to  think,  identical  with 
Gnophodia  Parmeno,  E.  Doubl.),  is  confined  to  Madagascar.  Erdna 
TajnatavcB,  Bd.,  is  endemic.  Mycalens  Narciasua,  Fab.,  extends  to  the 
Mascarene  Islands  as  well  as  to  South-eastern  Africa. 

Two  butterflies  of  the  small  family  EiiBTTSLiDiE  have  been  discovered 
in  Madagascar,  viz,: — Earytda  Dryope,  Cram.,  and  Hypanis  Anvatara, 
Bd.  (=z  var.  Hithyia,  Dm.).  Both  of  tiiese  are  widely-spread  Africans, 
and  the  latter  species  also  ranges  to  Southern  Asia. 

The  curious  Libytheida  are  represented  by  the  very  distinct  Liby^ 
ihea  JvlguratOj  Bd.,  which  seems  more  nearly  related  to  the  Javanese 

*  See  Hopffer  in  Peters* '  Beise  nach  Mossambiqne. — ^Ins./  p.  380. 
t  •  Encyc.  d'Hiat.  Nat.— Pap.,'  p.  125. 
X  Hopffer^s  NepHa  Marpesaa  is  indubitably  the  same  insect. 
§  Probably  the  same  as  D.  Anthedon,  E.  Donbl.  ('  Gen.  Dlnm.  Lep.*),  whioh 
inhabits  Western  AMca  and  NataL 

g  See  Ghenu,  op.  cU,,  p.  137 ;  and  Hpfr.— Peters'  *  Beise,  &o.,*  p.  386. 
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X.  Narina,  Gk>dt.,  Uum  to  any  other  species.  As  the  genus  is  found  on 
the  African  continent,*  it  is  not  improbable  that  Fulgurata  will  be  dis- 
covered there. 

One  example  of  the  Ebyoinida — a  family  abundantly  developed  in 
South  America — has  been  found  in  the  island,  viz. — Emesis  Tepdhi^ 
Bd.  This  insect  seems  more  strictly  referable  to  the  genus  Taa;t7a, 
E.  Doubl.,  which  comprises  several  Oriental,  and  one,  if  not  two, 
African  species, — T.  TaiUcdvs^  Bd.,  being  a  native  of  Ashanti,'!'  and 
Bauds,  Dru.  (mentioned  by  Boisduval  as  congeneric  with  Tepdhi) 
being  recorded  by  Drury  as  inhabiting  Sierra  Leone. 

The  eight  species  of  LYOiBNiDiB  known  to  occur  belong  to  the 

genera  Sithm  (1),  Lyccena  (6),  and ?  (1).     SUhon  BaUkdi,  Bd. 

sp.  (ss  Siihon  AnUdua,  Hpffi*.),  is  found  in  Eastern  and  Southern 
AMca.|  Of  the  LycwnoB  lliree — L,  Babe,  Tsvphana,  and  MalaJOuvna^ 
Bd. — seem  endemic ;  but  the  remaining  three — I/ysimon,  Hiibn.,  Bcetica, 
Linn.,  and  Telicanua,  Herbet — are  remarkable  for  their  extended  range 
throughout  Africa,  and  in  Southern  Europe  and  Asia.  It  is  impossible 
to  refer  the  species  Tintinga,  Bd.,  to  any  particular  genus,  the  single 
specimen  described  by  Boisduval  having  lost  both  head  and  body ;  but, 
as  its  describer  seems  to  consider  that  the  insect  has  somewhat  of  the 
aspect  of  the  curious  Javanese  Petaviua,  GU)dt.  (=s  Petavia  SaJcuni, 
Horsf.),  its  affinities  are  probably  Oriental  rather  than  Aftican. 

The  Hbsperidjb,  as  recorded  by  Boisduval,  consist  of  11  species, 
which  I  distribute  generically  thus,  viz,: — Cyclopidea  (3),  Pamphila  (4), 
Nisoniades  (1),  Ismene  (8),  Cydopides  Bemieri  and  Bhadama,  Bd., 
appear  peculiar  to  Madagascar;  but  (7.  Malga^ha,  Bd.,  is  found  in 
Africa,  as  far  south  and  west  as  Cape  Town.  Pamphila  ffavei  and 
Pontieri,  Bd.,  are  recorded  by  Boisduval§  as  natives  of  Natal,  while  P. 
CoroUer  and  Andracne,  Bd.,  are  endemic.  I  have  received  Nisoniades 
Ophion,  Dru.,  from  Natal,  and  the  species  is  figured  and  described  by 
Drury  as  one  from  Western  Africa.  Ismene  Florestan,  Oram.,  has  an 
African  range,  Embracing  Eafi&aria,  Querimba,  Nubia,  and  Senegal  ;|| 
J.  Batek,  Bd.,  inhabits  Natal;  and  J.  Bamanatek,  Bd.,  extends  to 
Bourbon,  if  not  to  Mauritius. 

The  above  particulars  of  the  distribution  over  the  globe  of  the 
Madagascarian  diurnal  Lepidoptera  yield  the  following  result,  when 
the  families  are  tabulated  (see  p.  652)  : — 

From  this  table  it  is  apparent  that  39,  or  rather  more  than 
haK,  of  the  butterflies  of  Madagascar  are  African ;  and  of  these  39 
species,  27  (nearly  one-third  of  the  Bhopalocerous  Fauna)  inhabit  no 
other  region  besides  Africa.  Of  the  remaining  34  (no  less  than  28  of 
which  are  endemic),  1  {HesHa  Lyncea)  is  an  Asiatic  form ;  22  show 

« 

*  For  this  &ct  I  am  in4ebted  to  Mr.  Horace  Waller,  of  the  late  Zambesi 
Mission,  who  has  shown  me  a  lAJbyUiea,  closely  allied  to  L,  Myrrha^  Godt,  taken 
by  him  on  the  river  Shir^. 

t  E.  DoubL, '  List  Lep.  Ins^  Coll.  Brit.  Mus^*  pt.  ii-,  p.  3. 

X  BaUkdi  will  most  probably  be  determined  as  a  yaxiety  of  iBocrates,  Fab.,  a 
well-known  Indian  species. 

§  In  Appendix  to  Delegorgne*8  *  Voyage  dans  1' Afrique  AnstnJe,  &c.,'  p.  594. 

II  See  Upfr.,  op.  cU^  p.  414. 
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families,  viz.: — Fapilionidad,  2;  Pieridie,  1;  DanaidaB,  4;  Njmpba- 
lidad,  7;  Satyrids,  2;  Ljcflanidaa,  8;  Hespeiid®,  4.  In  Manritins  21 
occur,  in  Bourbon  18  ;  16  being  found  in  both  islands.  All  but  8  are 
known  to  inhabit  Madagascar  :*  and  of  these  8  species  4  (PyrameU  Hip^ 
pomene,  Bd.,  Neptis  Dumetorum,  Bd.,  Nisoniades  Sahadius,  and  Pam- 
phUa  Borbonica,  Bd.)  occur  in  both  islands ;  2  (Papilio  disparilis  and 
EuplcBa  Oondotii^  Bd. )  are  confined  to  Bourbon ;  while  2  (P.  Phorbanta^ 
Linn.,  and  Pamphila  Marchalii^  Bd.)  seem  peculiar  to  Mauritius. 
OondoUi  (of  Bourbon)  and  Hippomene,  Sahadius,  and  Borbonica  (of 
both  islands)  are  natives  of  Africa,  and  therefore  in  all  probability 
inhabit  the  ^reat  intermediate  country  of  Madagascar.  Thus  leaves  us 
but  4  species  truly  endemic  to  the  Mascarene  Islands,  or,  omitting  the 
2  doubtfully  distinct  PapUioneSyli  onl^  2,  viz, — Neptis  Dumetorum^  and 
PamphUa  Marchdlii,  the  latter  being  confined  to  Mauritius.  Besides 
these  2,  only  5  others  (which  are  found  in  Madagascar)  are  wanting  in 
AMoa. 

Adding  to  the  73  butterflies  of  Madagascar  the  8  Mascarene  species 
not  yet  discovered  in  the  great  island,  we  arrive  at  a  total  for  the 
group  of  81  species  of  Diurnal  Lepidoptera,  of  which  47  are  known  to 
be  natives  of  AMca,  while  the  great  minority  of  the  remaining  species 
exhibit  unmistakable  affinity  to  African  forms. 

The  evidence  here  brought  forward,  incomplete  as  it  is,  and  limited 
in  its  application  to  but  part  of  a  single  order  of  insects,  contrasts 
strangely  indeed  with  that  adduced  by  Dr.  Sclater  with  regEird  to  the 
Mammals  of  Madagascar.  Every  order  of  Mammalia  in  the  island 
possessing  more  than  a  single  representative  (the  bats  only  excepted), 
presents  several  endemic  genera,  some  of  which  exhibit  the  most  pro- 
found modification  of  structure.  Among  the  Lepidopterous  insects,  as 
&r  as  the  Bhopalocera  are  ooncemed,§  not  one  new  genus  has  been 
discovered.  While  the  relations  between  the  Mammals  of  Madagascar 
and  Africa  are  shown  to  be  few  and  remote,  and  not  one  species  is  with 
certainty  known  to  inhabit  both  regions,  the  very  strongest  affinity 
exists  between  the  butterflies,  more  than  half  of  the  insular  species, 
and  81  of  the  38  genera,  being  indigenous  to  AMca.||  This  seems 
the  more  remarkable  when  one  considers  the  much  greater  &cilities 
for  modification,  during  an  equal  lapse  of  time,  which  insects,  numer- 
ous in  individuals  and  rapid  in  succession  of  generations,  would  appear 
to  present  as  contrasted  with  the  comparatively  scarce  and  slowly- 

*  This  Bupposes  P.  Phorbcmta  and  diepariUs  to  be  distinct  species  from  each 
other  and  from  P.  Nireus  and  Epiphorbaa ;  otherwise  the  number  would  be  6. 

t  The  abnormal  coloration  of  the  $  DimarUU  is  very  remarkable,  and  looks 
very  like  a  modification,  now  in  progress,  orthe  Papilio  in  imitation  of  EupUea 
Ocndotii,  the  only  other  large  butteifiy  inhabiting  Bonrbon. 

t  Taken  by  Mr.  Layard  in  Mauritius. 

§  Almost  the  same  might  be  affirmed  of  the  whole  order,  for  of  the  35  genera 
of  Heterocera  given  in  the  '  Faune  de  Mad.,  &c.,'  only  one,  Borocera,  Bd.  (closely 
allied  to  the  Auican  Megtuoma),  appears  endemic,  unless  Sindris,  Bd.  (given  as  a 
genus  of  Tineina),  be  peculiar  to  the  island. 

II  In  connection  with  this  it  is  an  interesting  fact  that  Acrsea,  so  typical  and 
highly-developed  an  African  group,  presents  more  apecies  in  Madagascar  than  any 
other  genu8» 
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breeding  Mammals.  It  is  tme  that  bntterflies  might  contmue  to  find 
their  way  from  Africa  to  the  ishmd  across  a  space  of  sea  ixrhieh  had 
long  since  proved  an  impassable  barner  to  any  but  aerial  TWamniaKa, 
but  the  influence  which  might  thus  be  at  intervals  brought  to  bear  on 
the  insular  Ehopalocera  would  be  very  slight,  for  the  idea  of  constuit 
or  long-continued  migration  from  the  mainland  is  forbidden  by  all 
recent  observation.* 

In  conclusion,  I  would  earnestly  request  all  zoologists  to  oontribute 
the  results  of  their  researches  towards  the  more  complete  knowledge 
of  the  fauna  of  Madagascar.  Dr.  Sclater's  interesting  deductions  from 
a  consideration  of  the  Mammalia,  require  abundant  confirmation  frt)m 
investigation  of  other  groups  in  the  island  fauna,  before  aooeptanoe 
can  be  given  to  them.  The  subject  is  one  of  the  deepest  interest ;  and 
it  is  only  by  a  carefal  analysis  of  what  is  known  of  all  the  forms  of 
Madagascarian  life  that  we  can  attain  to  any  conclusions  as  to  the  origi- 
nal derivation  and  existing  relations  of  this  most  remarkable  fauna. 

*  It  is  remarkable  how  constant  nearly  all  butterflies,  including  those  of  the 
highest  powers  of  flight,  are  to  localities  of  very  limited  extent ;  and  much  care 
and  investigation  must  be  exercised  before  natumlists  can  attribute  the  csxtraordi- 
nary,  gatherings,  occasionally  witnessed,  of  certain  species  of  Pieridas  to  any  mign- 
lory  instinct. 
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CHRONICLES   OF   SCIENCE. 


C 

''  I.  AGRICULTURE. 

I  An  tmnsnally  dry  summer  has  brought  into  prominence  severftl  agri- 

I  cnlttiTal  topics  of  importance,  in  which  the  uses  and  economy  of  water 

I  are  concerned.     Thus,  it  has  entirely  justified  those  who  advocate 

t  drainage  and  deep  tillage  as  really  conservative  of  the  water  supply  on 

which  a  growing  plant  depends.    We  have  dug  in  well-drained  land  a 
I  hole  five  feet  deep  in  a  turnip-field,  and  from  the  bottom  of  it  dods  of 

earth  have  been  brought  up  full  of  fibres  of  the  turnip-root,  easily 
r^ognizable  by  their  taste.  These  fibres  went  far  below  the  artificial 
drainage  of  the  subsoil :  but  the  vigorous  vitality  to  which  such  deep 
growth  was  due  was  itself,  no  doubt,  owing  to  the  wholesome  condition 
for  the  plants  in  which  that  drainage  had  placed  the  upper  layer  of  soil. 
In  this  indirect  way,  as  well  as  by  &e  direct  improvement  and  increased 
capacity  as  a  storeroom  which  drainage  and  deep  tillage  confer  upon 
the  upper  soil,  do  these  operations  increase  the  ability  of  plants  to 
withstand  a  drought.  That  of  the  past  summer  has  in  nothing  shown 
itseK  more  plainly  than  in  the  prominent  appearance  of  the  dark, 
fresh  green  of  deep-rooted  plants,  as  the  thistle  and  the  clover  plant, 
amongst  the  brown  parched,  surface-feeding  grasses,  which  have  been 
soon  dried  up.  And  anything  which  gives  to  cultivated  plants  a 
deeper,  larger,  fiiller  store  on  which  to  draw  for  supplies,  is  in  cases 
like  the  present  season  especially  beneficial. 

No  doubt  it  is  owing  to  this  better  tillage  of  the  country  generally, 
that  the  drought  has  not  proved  more  injurious  to  the  seed  crops  of 
the  past  harvest.  'Notwithstanding  that  our  grain  crops  had  already 
pretty  fully  established  themselves  before  the  commencement  of 
the  dry  weather,  we  might  fairly  have  expected  it  to  have  been  more 
injurious  than  it  has  proved.  The  produce  of  these  crops,  though 
nothing  like  that  of  1863,  has  not  been  altogether  unsatisfactory. 
Of  200  returns  to  the '  Agricultural  Grazette,'  indeed,  from  different  parts 
of  the  country,  only  20,  47,  and  12  respectively,  of  wheat,  barley,  and 
oats,  declare  the  crop  to  be  above  an  average  one  ;  but  one-half  of  the 
reports  of  wheat,  and  more  than  one-half  of  those  of  barley,  state  the 
yield  to  be  an  average.  Oats,  beans,  and  peas  are  undoubtedly  much 
below  an  average  yield  this  year.  But  this,  and  the  inferior  produce 
generally  of  the  com  crop,  may  be  attributed  rather  to  the  cold  weather 
of  June,  than  to  the  drought  of  May,  June,  and  July. 

The  subject  of  summer  irrigation  is  another  point  to  which  the 
weather  has  given  importance.  The  experience  of  our  sewaged  meadows 
during  the  past  season  has  not  been  so  favourable  in  this  respect  as 
might  have  been  expected.     It  appears  that  the  Italian  ryegrasi^  the 

2t2 


656  Chronidet  of  Science,  [0<5t., 

plant  by  which  sewage  has  hitherto  been  chiefly  utilized,  requires  » 
moist,  cold  atmosphere,  as  well  as  a  well-fed,  cool,  moist  soil,  to  ^isare 
a  luxuriant  suocidenoe  of  growth.  The  Beddington  meadows,  whic^ 
receive  the  waste  of  Croydon,  and  which  in  "Mkj  presented  such  * 
wonderful  coat  of  grass  as  the  result  of  irrigation — 30  inches  hi^ 
and  as  thick  as  it  could  stand,  and  weighing  12  or  14  tons  per  acre — 
have  not  yielded  by  any  means  so  well  at  tibeir  second  and  third  cuts 
this  summer,  notwithstanding  the  flood  of  filthy  water  which  at  inter?aJs 
has  been  poured  over  them.  The  tendency  of  the  plant  to  form  its 
seed  spike  seems  irresistible  in  hot,  dry  weather,  however  the  growth 
of  grass  may  be  urged  by  irrigation  of  the  soil ;  and  a  first  cut,  of  10 
to  14  tons  per  acre,  is  followed  by  one  of  7  or  8,  and  that  by  one  of  4 
or  5  tons  in  a  hot  July  or  August  This  must  be  taken  into  their 
calculations  by  those  who  propose  to  utilize  the  sewage  of  London  on 
the  low-lying  lands  of  Kent  and  Essex,  two  of  the  driest  counties  in 
the  island. 

The  drought  has  produced  a  protest  from  Mr.  Bailey  Denton, 
C.E.,  in  the  form  of  a  memorial  to  Sir  George  Grey,  on  the  water 
economy  of  the  country,  and  on  the  better  uses  of  our  raJTifall, 
Mr.  Denton  proposes  that  agricultural  proceedings  with  reference  to 
that  matter  should  be  made  subject  to  some  centxal  control.    Thirty 
inches  of  rain,  or  thereabouts,  fall  annually  in  this  island.    This  wets 
its  surfiice,  which  dries  again  and  sends  back  so  much  into  the  air. 
It  finds  its  way,  by  various  surface  channels,  runnels,  brooks,  rivulets, 
and  rivers,  to  the  sea.    It  sinks  through  its  surface  to  various  depths, 
taking  always  the  path  of  least  resistance  to  that  downward  passage 
which  gravity  imposes,  until  at  length  the  passage  of  least  resistance 
leads  to  the  re-appearance  of  this  portion  of  the  rainfall  in  springs  at 
various  points  bdow  that  where  it  sauk  into  the  ground.    Now,  o£ 
these  two  latter  portions  of  the  rainfiEdl,  various  uses  are  made.    They 
swell  our  rivers,  which  are  thus  along  many  miles  of  their  course  made 
available  as  carriers ;  they  fill  our  mill-streams,  and  their  weight  is 
thus  turned  to  account  as  power ;  they  provide  drink  for  our  live-stock 
and  our  population,  and  they  feed  our  plants.     But  the  sur&oe  on 
which  the  rain-water  Mis  is  covered  wiUi  plants.     The  cultivator  of 
these  plants  is  thus  the  first  owner  of  this  water,  and  he  is  more  and 
more  awakening  to  the  immense  value  of  this  property,  and  to  the 
greatly  enhanced  services  which,  if  properly  directed,  it  can  render  to 
him  as  a  grower  of  these  plants.'    Guided  by  the  better  knowledge  of  this 
subject  which  now  prevails,  every  man,  ei&er  the  owner  or  the  hirer  of 
this  surface,  is  dealing  with  the  water  which  falls  upon  it  for  his  own 
exclusive  benefii    Either  each  estate  by  itself,  or  it  may  be  even  each 
field  by  itself,  is  so  drained  that  the  rain  passes  throu^  the  soil  and 
subsoil  for  use,  instead  of  over  its  sur&ce  to  waste ;  and  after  being 
made  useful  as  a  feeder  of  the  plants  grown  in  and  on  the  soil,  it  is 
thereafter  provided  with  as  easy  and  as  speedy  an  exit  as  possible. 
The  field  or  the  estate  is  drained,  and  thereafter  the  water,  being  done 
with,  is  dismissed.     Now,  even  as  regards  an  estate,  and  still  more  as 
regards  a  province  or  a  district,  there  is  room  for  the  use  of  water 
after  it  has  done  its  duty  as  feeder  of  the  plants.    It  is  applicable  as 
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water  supply  for  animals ;  it  is  even  available  again  in  irrigating  and 
so  in  feeding  plants  upon  a  lower  level.  But  our  out&lls  are  every 
day  becoming  more  direct  and  rapid  in  their  action.  Eain  which 
used  to  drag  sluggishly  downwards  through  meandering  streams,  runs 
straight  out  to  the  sea.  Floods,  rather  the  result  of  this  arterial  drainage 
than  of  paraUel  subsoil  drains,  follow  excessive  rainfEJls  more  imme- 
diately than  they  used  to  do.  And  unexpected  as  it  may  be,  the 
influence  of  agricultural  drainage  becomes  apparent  on  our  springs,  our 
mill-streams,  and  our  rivers.  Mr.  Bailey  Denton  therefore  urges  on  the 
Home  Secretary  that  inquiry  should  be  made  into  this  subject  before 
this  piecemeal  drainage  of  the  land  shall  have  injured  what  he  con- 
siders the  imperial  and  general  interests  of  the  country,  in  an  annual 
water  supply.  It  is  urged  that  tbe  perennial  water  supply  is,  under 
existing  management,  gradually  dinunishing;  that  it  is,  moreover, 
becoming  irregular — floods  and  droughts  more  rapidly  alternating; 
that  properly  conducted,  on  the  other  hand,  under-drainage  is  capable 
of  securing  greater  regularity  and  abundance  of  the  water  supply — 
certain  districts  subject  to  seasonal  drought  being  capable  of  supply  by 
the  storage  of  the  water  discharged  from  drained  land  during  winter 
and  spring.  And  there  are  other  considerations  urged  why  an  inquiry 
should  at  once  be  directed  by  the  Government  into  the  effect  of  under- 
drainage  on  our  river  systems,  and  generally  into  the  larger  question 
of  the  water  economy  of  the  country. 

We  see  that  the  'Agricultural  Gazette'  calls  attention  to  that 
curious  illustration  of  the  natural  compensating  powers  of  our  climate 
in  the  case  of  drought,  which  it  believes  the  dew-ponds  of  our  chalk 
downs  to  present.  We  do  not  know  if  exact  inquiry  has  been  made  by 
any  scientiflc  man  into  the  phenomena  of  the  Berkshire  dew-pond,  but 
the  subject  seems  well  worth  investigation.  Perched  on  the  very 
summit  of  a  chalk  down,  made  an  impervious  cup,  and  filled  artificially 
in  the  first  instance,  it  seems  to  supply  so  large  a  quantity  of  water 
daily  to  the  flock  frequenting  it,  and  is  at  the  same  timo  so  ex- 
posed to  loss  by  evaporation,  that  a  great  increment  by  a  deposit 
of  dew  upon  its  sur&ce  (possible  enough  in  cases  where  a  moist 
southerly  wind,  for  example,  may  be  slowly  passing  over  a  hill  top 
during  a  clear  night,  when  the  cooling  process  by  radiation  is  excessive) 
seems  the  only  possible  explanation  of  the  rarity  of  its  entire  exhaus- 
tion during  the  summer  months.  That,  at  all  events,  is  the  popular 
explanation  of  the  phenomenon,  and  it  is  quoted  by  the  *  Agricultural 
Gazette '  as  an  illustration  of  the  compensating  powers  which,  in  a  dry 
season,  our  climate  must  everywhere  possess. 

Whatever  the  difficulties  or  injury  inflicted  by  a  prolonged  summer 
drought,  it  does  not  appear  that  they  at  all  weaken  or  diminish  those 
evidences  of  agricultural  energy  and  prosperity  which  the  exhibitions 
of  our  great  agricultural  societies  have  evinced.  The  annual  meetings 
of  the  English,  Scottish,  and  Irish  National  Agricultural  SocietieB 
have  been  unusually  illustrative  of  our  rapid  progress  in  the  field*  In 
particular,  at  the  Newcastle  meeting  of  the  English  Society,  the  efforts 
of  implement  manufacturers  and  of  stock  farmers  were  well  illus- 
trated.    "  Agriculture,"  as  one  reporter  has  it,  *'  may  be  said  to  begin 
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with  the  tillage  of  the  soil,  and  end  with  the  mann&cture  of  meat; 
and  Mr.  Fowler's  steam-plough  standing  at  one  end  of  the  mann- 
fjEicture,  and  Mr.  Cruickshank's  short-horn  bull  'Forth*  standing  at  the 
other  end,  may  be  thus  considered  to  include  between  them  its  whole 
scope,  extent,  and  range.  Every  line  upon  the  scale  which  separates 
these  extremes  has  be^  well  represented  at  this  meeting,  bat  the  b^ 
and  most  numerous  illustrations  of  the  whole  are  those  of  tillage 
implements  on  the  one  hand,  and  short-horn  stock  upon  the  other. 
Never  before  has  so  good  a  collection  or  so  thorough  an  examination 
of  tillage  implements  been  made,  and  never  before  have  better  classes 
of  short-horn  cattle  been  exhibited." 

The  principal  novelty  on  the  ground  here  was  Mr.  Fowler^s  new 
plan  of  applying  steam-power  to  the  cultivation  of  the  land,  to  which 
the  judges  awarded  the  Society's  head  prize.     He  succeeds  here  in 
making  two  of  the  ordinary  small  threshing-engines  which  are  every- 
where employed  throughout  the  country,  stationed  one  at  each  end  of 
the  furrow  where  the  steam-drawn  plough  is  working,  to  combine  their 
force  upon  it.     The  engine  which  the  plough  is  leaving  is  pnlling  it 
as  well  as  the  engine  which  it  is  approaching.     The  wire  rope  is  laid 
around  the  horizontal  clip-drums  underneath  each  engine,  and  its  ends 
are  fastened  in  the  usual  way  upon  the  gearing  of  the  plough  in  front 
of  it  and  behind  it  on  drums  there,  which,  gearing  into  one  another, 
are  so  arranged  that  any  pull  upon  the  plough  by  the  rope  in  front 
resolves  itself  to  some  extent  into  a  tightening  of  the  rope  behind  it 
This  ensures  that  the  rope  is  always  taut  around  both  the  engine- 
drums  ;  and  the  consequence  is,  that  when  both  engines  are  at  wori; 
they  are  each  pulling  at  the  rope,  and  each  is  contributing  its  force  to 
the  line  by  which  the  plough  or  cultivator  is  being  drawn.   Very  good 
work  was  made  at  Newcastle  by  Fowler's  apparatus  thus  employed, 
and  this  plan  is  evidently  a  step  in  advance  upon  the  double-engine 
system  which    Fowler   as    well  as    Savory  has    hitherto    adopted. 
Where  two  engines  are  employed,  and  only  one  is  in  use  at  a  time, 
each  must  be  of  double  power,  and  the  waste  by  radiation  is  constant 
in  the  case  of  each,  notwithstanding  that  each  is  only  half  its  time  at 
work.    The  fuel  consumed  must  therefore,  in  such  a  case,  be  excessive. 
And  there  is  this  farther  advantage  in  the  double-engine  system  when 
the  two  engines  co-operate,  that  neighbours  may  combine  their  engines 
for  work  of  any  special  difficulty,  the  engines  being  severally  at  the 
same  time  of  just  the  right  pdwer  both  for  threshing  purposes  and  for 
ordinary  light-land  cultivation. 

We  may  mention,  among  the  events  of  the  past  summer,  the  pub- 
lication of  extremely  suggestive  lectures  on  Dairy  Farming,  which 
had  been  previously  delivered  before  the  Royal  Agricultural  College, 
by  Mr.  Harrison,  C.E.,  of  Frocester  Court,  Gloucestershire.  In  addition 
to  the  mere  detail  of  good  practice  which  these  lectures  describe,  they 
enumerate  a  great  many  facts  and  develope  very  many  ideas  and  sng- 
gestiens  well  calculated  to  excite  the  attention  and  the  thought  of  those 
to  whom  they  were  addressed.  Among  these  we  may  mention  that  the 
author  points  out  that  the  dairy  districts  are,  for  the  most  part,  confined 
to  those  geological  formations  which  were  deposited  during  the  existence 
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of  vertebrate  animals  apon  the  eartL  Phosphates  applied  to  the  soil 
bring  about  the  growth  of  clovers  among  the  grasses,  and  they  are  also 
especially  necessary  on  dairy  &rms,  as  evidenced  by  the  quantity  of 
them  which  exists  in  the  milk  or  cheese  sold  off  such  farms ;  and  it  is 
a  curious  circumstance  that  the  cheese-dairying  especially  should  be 
confined  to  those  geological  districts  where  the  formation  contains  not 
the  mere  stony  remains  of  shell-fish  and  crustaceans,  but  the  bone-dust 
of  a  higher  oider  of  animals.  Among  the  other  fsu^ts  specified  in  these 
lectures  is  the  existence  and  the  uses  of  enormous  quantities  of  earth- 
worms in  the  soil  of  grass  lands.  An  experiment  over  a  considerable 
surface  of  land  led  to  the  estimate  of  their  quantity  at  1,000  lbs.  weight 
per  acre ;  and  it  is  declared  that  so  large  a  quantity  must,  by  its  effect 
8u  the  tekue  of  the  Lmd,  and  by  its  ultimate  addition  d  the  very 
substance  of  the  land,  be  an  important  contribution  to  its  fertility. 

Some  discussion  has  arisen  in  connection  with  dairy-fanning  in 
Cheshire,  from  a  paradorical  speech  by  Sir  H.  Mainwaring,  Bart,  at  a 
recent  agricultural  meeting,  when  he  set  himself  to  arouse  thought 
and  excite  controversy  amongst  the  dairy-farmers  of  that  county  by 
the  confident  utterance  of  what  appeared  to  them,  as  it  does  to  us,  in 
direct  opposition  to  both  local  and  general  agricultural  experience. 
His  assertions  were  that  drainage,  bone-dust,  and  broad-breasted  bulls 
had  been  the  ruin  of  the  Cheese  dairy-farmers.  But  the  facts  un- 
questionably are  that  the  drainage  of  the  pasture-lands  of  Cheshire, 
the  application  of  bone-dust  to  fiiem,  and  the  short-horn  cross  upon 
their  dairy-cows,  have  been  of  the  greatest  agricultural  service  in 
that  county !  Sir  H.  Mainwaring's  idea  that  over-drainage  injures 
grass  is,  however,  to  some  extent,  countenanced  by  the  first  or  second 
year's  experience  of  it;  the  wet-land  grasses  disappear  before  the 
better  grasses  suitable  to  the  improved  condition  of  the  soil  make 
their  appearance ;  but  the  ultimate  influence  of  drainage  upon  grass- 
lands is  rarely  unsatisfactory.  The  use  of  bone-dust,  again,  tends  in 
a  very  remarkable  degree  to  the  improvement  of  the  pastures  by  the 
extraordinary  development  of  the  clover-plant,  which  immediately 
follows.  And  there  cannot  be  a  doubt  that  the  Welsh  or  long-homed 
cattle,  formerly  common  on  the  Cheshire  farms,  have  been  greatly 
improved  and,  in  some  instances,  usefully  displaced  by  the  short-horn 
breed,  which  stands  at  the  very  head  of  the  cheese-producing  breeds 
of  the  country. 

We  have  only  one  more  fact  to  add  to  our  quarterly  summary  of 
agricultural  intelligence.  The  Boyal  Agricultural  Society  of  England 
has  offered  50Z.  for  a  prize  on  middle-class  education,  having  especial 
reference  to  those  who  are  dependent  on  the  cultivation  of  the  soil. 
They  were  informed  by  Mr.  Morton,  at  the  general  meeting  held  last 
December,  that  although  by  their  charter  they  had  been  incorporated 
for  the  very  purpose  of  promoting  the  education  of  the  farmer,  yet  that 
particular  object  specified  in  their  charter  had  hitherto  received  from 
them  no  attention  whatever.  A  committee  was  thereafter  appointed 
to  consider  in  what  way  the  ^  seventh  national  object"  specified  by  the 
charter  could  be  promoted,  and  this  is  the  result  of  the  committee's 
inquiries.    It  seems  to  us  that  the  offer  of  a  prize  on  middle-class 


660  Chr<mick$  of  Science.  lOet^ 

education  is  entirely  abandoning  the  sabject  to  which  they  are  com- 
mitted by  their  charter ;  and  &&i  they  will  properly  discharge  tlie 
duties  which  it  imposes  on  them  only  by  promoting  the  profeasioiml 
education  of  the  agriculturist — ^this  being  done  by  giving  enoommge- 
ment  and  guidance  to  the  existing  means  of  agricultural  edncation. 


n.  ASTRONOMY. 

(^Including  the  Proceedings  of  the  Soycd  Astronomical  Society, 

Wb  have  but  few  important  advances  to  chronicle  in  general 
nomy,  although  a  glance  at  the  proceedings  of  the  Astronomical 
Society  for  the  last  few  months  will  show  that  slow  but  sure  progress 
has  been  made  by  English  observers.     We  may  commence  bj  re- 
minding our  readers  that  a  prize  of  200  ducats  (about  90Z.)  has  been 
offered  by  the  Academy  of  Sciences  at  Vienna  for  the  best  research  on 
the  movements  of  the  fixed  stars.     The  last  day  for  sending  in  the 
papers  is  fixed  for  December  31,  1865.     We  cannot  help  tliitilriiig 
that  the  time  here  allowed  is  far  too  short    The  base  Ime  used  by 
astronomers  in  investigating  the  movements  of  these  distant  bodies 
being  the  diameter  of  the  earth's  orbit  round  the  sun,  it  will  take  six 
months  to  accumulate  merely  one  set  of  observations,  and  as  the  minute- 
ness of  the  observed  movements  renders  it  highly  desirable  to  verify 
the  first  obtained  data  by  numerous  subsequent  observations,  it  is 
scarcely  likely  that  any  new  and  striking  measures  of  parallax  can  be 
included  in  the  memoirs,  unless,  indeed,  the  principal  observations 
have  already  been  made  by  the  competing  aslronomers.     In  such  a 
case  as  this  science  would  be  more  advanced  by  offering  a  larger  smn 
as  a  prize,  and  allowing  the  time  to  extend  to  five  or  six  years. 

Our  readers  are  doubtless  well  aware  that  a  new  Astronomical 
Society  was  founded  last  year  at  Heidelberg.  This  society  is  essen- 
tially international  in  its  character,  and  numbers  amongst  its  members 
not  only  German,  but  also  English,  French,  Italian,  and  Eussian 
astronomers.  Several  of  its  most  eminent  members  are  dividing  the 
work  between  them ;  some  are  investigating  the  disturbances  which 
have  taken  place  in  the  movements  of  Mercury,  Venus,  Mars,  Jupiter, 
Saturn,  and  Uranus,  in  some  cases  going  back  as  fiEir  as  1770.  (Hhers 
have  divided  the  asteroids  amongst  them,  each  member  taking  a  planet 
under  his  care,  and  observing  its  motions  periodically.  A  society  of 
earnest  workers  acting  in  tMs  manner  is  more  likely  to  farther  the 
objects  of  their  science  than  are  any  two  of  the  so-called  learned 
societies  as  at  present  constituted. 

The  star  40,196  (Lalande)  is  noted  for  its  singular  variability,  and 
M.  Goldschmidt  still  continues  his  accurate  investigations  on  its 
changes.  The  result  of  his  observations  is,  tiiat  it  accomplishes  its 
cycle  in  a  period  of  197  days.  It  remains  nearly  invisible  for  61  days. 
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it  then  gradually  increases  in  ImnincNnty  for  56  days,  remains  sta* 
tionary  for  a  perceptible  period,  then  diminifthes  for  78  days,  and 
finally  disappears. 

At  the  last  meeting  of  the  French  Association  for  the  adyancement 
of  astronomy  and  meteorology,  founded  by  M.  Leyerrier,  a  new  reflect- 
ing telescope  was  exhibited,  haying  a  specnlnm  nearly  a  yard  in  dia- 
meter. It  is  of  glass,  silyered  by  chemical  means,  the  process  haying 
been  explained  to  the  meeting.  We  understand  tliat  these  reflectors, 
first  employed  by  M.  Foucanlt,  are  rapidly  making  way  in  this  conntry, 
their  cheapness,  lightness,  and  the  ease  with  which  they  can  be  resil- 
yered  when  tarnished,  rendering  them  formidable  riyals  to  both 
refractors  and  reflectors  of  the  ordinary  kind. 

The  snbject  of  meteorites  is  still  being  pursued  by  M.  Heidinger, 
of  Vienna,  who  has  so  thoroughly  identified  himself  witii  the  inyestiga- 
tion  of  these  bodies.  In  a  letter  to  M.  A.  Quetelet,  of  Brussels,  he 
giyes  some  interesting  particulars  of  the  fSall  of  a  supposed  aerolite  at 
Inly,  near  Trebizond.  It  fell  in  an  easterly  direction  in  December 
last  with  a  terrific  explosion,  resembling  the  discharge  of  hundreds  of 
pieces  of  ordnance.  Some  pieces  supposed  to  haye  formed  part  of  it 
haye  been  forwarded  to  Vienna,  but  from  the  examination  already 
made  of  them,  their  origin  seems  to  be  rather  terrestrial  than  cosmicaL 
Professor  Eenngott,  director  of  the  Mineralogical  Museum  of  Zurich, 
has  lately  forwi^ed  to  M.  Heidinger  a  specimen  marked  natiye  iron 
from  Styria,  but  which  he  suj^ected  was  meteoric.  The  director  of 
the  Imperial  Museum  at  Vienna  had  it  cut  and  polished.  Subsequent 
treatment  with  acids  left  no  doubt  of  its  cosmical  origin.  It  also  con- 
tains crystals  which  appear  to  be  oliyine  and  pyrosene,  and  its  general 
character  seems  to  identify  it  with  the  meteorite  which  fell  many  years 
back  at  Steinbach,  in  Saxony.  It  would  be  interesting  if  the  durectors 
of  museums  would  submit  to  similar  tests  any  specimens  of  so-called 
najdye  iron  that  they  may  haye  in  their  possession. 


The  Botal  Astbonomioal  Sooistt. 

Further  obseryations  of  the  newly-disooyered  satellite  of  Sirius  haye 
been  communicated  to  the  Society  diuring  the  last  few  months.  M.  Otto 
Struye  has  determined,  from  obseryations  extending  from  March  16, 
1868,  to  March  28,  1864,  that  its  annual  change  of  distance  is  equal 
to  +0"'77,  and  its  annual  change  of  position  —5° '7.  He  considers 
that  on  the  first  glance  we  are  led  to  the  conclusion  that  the  hypothesis 
of  accidental  juxtaposition  of  the  two  stars  is  by  fEu:  the  most  probable, 
a  conclusion  which  is  eyen  strengthened  by  some  of  Mr.  Bond's  obser- 
yations. Although  a  strong  objection  against  their  merely  optical 
association  must  be  deriyed  from  the  circumstance  that  Herschel,  at 
the  end  of  the  last  century,  when  with  this  supposition  the  small  star 
ought  to  haye  had  a  distance  of  about  one  minute  from  Sirius  to  the 
south-west,  neyer  noticed  its  existence,  though  it  is  well  known  that 
about  that  time  he  frequently  obsenred  Sirius  as  a  test  object  for  the 
quality  of  his  mirrors.    After  giying  seyeral  other  alignments  on  each 
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side  of  the  question,  Professor  Strnve  conclndes  that  he  rnnst  soflpend 
judgment  on  the  physical  connection  or  merely  optical  juxtaposition 
of  the  small  star  until  next  year.  In  reference  to  this  paper  Mr. 
Dawes  remarked  that  the  star  was  visible  in  strong  twilight,  and  lie 
therefore  conceived  that  it  was  not  so  very  small  in  itself,  but  only 
appeared  so  in  consequence  of  its  proximity  to  the  prodigiously  hrigjit 
star  of  which  it  was  the  companion. 

In  an  elaborate  and  important  paper  on  the  probable  error  o£  & 
meridional  transit-observation  by  the  "eye  and  ear,"  and  chrono- 
graphic  methods,  read  by  Mr.  Dunkin  at  one  of  the  recent  meetings  of 
the  Society,  he  comes  to  the  conclusion  that  the  chronographio  obser- 
vations of  a  transit  are  attended  with  much  less  probable  error  tlian 
an  eye-and-ear  observation;  the  personal  discordances  between  the 
different  observers  are  also  comparatively  small  by  the  former  method, 
and  the  general  steadiness  of  observing  by  it  is  very  remarkable.     In 
the  results  for  right  ascension  the  probable  error  for  chronographio 
transits  is  also  much  less.     Some  discussion  followed  the  reading  of 
this  paper.     The  president,  Dr.  De  la  Bue,  referred  to  an  improve- 
ment upon  a  proposal  made  some  time  ago  by  Professor  Wheatstone 
for  increasing  the  accuracy  of  transit  observations.     This  was  that  a 
system  of  wires  should  be  arranged  in  the  transit  instrument,  which, 
when  the  star  was  brought  between  them,  should  follow  its  movement ; 
and  when  the  star  passed  the  optical  axis  of  the  instrument  or  any 
number  of  known  points  from  that  axis^  then  the  chronographio  signal 
would  be  made  by  the  wires  making  electrical  contact,  so  that  a  number 
of  records  would  be  obtained  independent  of  the  will  of  the  observer. 
Col.   Strange  mentioned  that  the  Paris  astronomers  had  expressed 
themselves  decidedly  against  the  chronographio  method ;  he  did  not, 
however,  agree  with  this,  and  had  therefore,  with  the  sanction  of  the 
Government,  ordered  a  complete  chronographio  apparatus  for  the  use 
of  the  Indian  survey.     Ool.  Strange  further  remarked  that  Professor 
Wheatstone's  suggestion  of  having  a  telescope  so  constructed  that  the 
star  should  be  automatically  followed  over  the  wires  had  already  been 
carried  out.     When  at  the  Paris  Observatory,  he  had  examined  an 
apparatus  of  this  description  made  by  M.  Bedier ;  the  wire  was  carried 
so  steadily  across  the  field,  so  exactly  with  the  same  velocity  as  the 
passage  of  the  star,  that  the  intersection  of  that  star  with  the  wire  was 
a  matter  of  the  most  perfect  ease  and  certainty ;  in  fact,  there  was 
ample  time  for  the  observer  to  call  an  assistant  to  verify  the  observa- 
tion before  leaving  the  instrument.     Mr.  Dunkin  in  reply  to  the 
opinion  that  the  chronographio  system  tended  to  produce  bad  eye-and- 
ear  observers,  remarked,  that  at  the  Boyal  Observatory,  observers,  who 
had  practised  the  chronographio  system  for  ten  years,  could  still,  when 
the  apparatus  was  out  of  order,  take  eye-and-ear  observations  with  as 
much  accuracy  as  formerly. 

The  appearances  of  the  solar  surface  are  stUl  attracting  great 
attention.  The  Bev.  W.  B.  Dawes  speaks  very  decidedly  as  to  the 
total  absence  of  any  objects  on  the  photosphere  which  could  be  com- 
pared to  willow-leaves  in  their  form.  He  has  for  many  years  been 
familiar  with  granulations  or  granules  of  forms  and  sizes  so  various  as 
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to  defy  every  attempt  to  describe  them  by  any  one  appellation.  Upon 
more  quiet  and  perfect  yiew  of  these  gxanulations,  it  appears  that  they 
-  are  not  individoal  and  separate  bodies  of  a  peculiar  nature,  but  only 
different  conditions  as  to  brightness  or  elevation  of  the  larger  masses 
forming  the  mottled  surface.  Between  the  granules  the  shaded  por- 
tions are  in  many  places  pretty  thickly  covered  with  dark  dots  like 
atijppling  loith  a  soft  lead  pencil^  but  he  was  struck  with  the  extreme 
!  rarity  of  a  long  and  narrow  shape  among  the  granules  with  which  the 

'  surface  of  the  sun  is  covered.     They  may  perhaps  be  sometimes  com- 

i  pressed  into  a  longer  form  under  the  influence  of  the  same  forces 

i  which  produce  the  longer  threads  or  straws  on  the  penumbra,  but  one 

of  the  most  striking  features  is  the  entire  absence  of  uniformity  in  the 
t  brighter  portions  with  respect  both  to  their  size  and  shape.    Mr. 

I  Dawes  farther  said,  that  one  of  the  most  remarkable  things  connected 

with  the  matter,  was  that  whereas  these  granules,  or  "  rice  grains," 
I  were  easily  seen, — a  small  telescope  with  a  power  of  40  or  50  bringing 

I  .  them  into  view, — Mr.  Nasmyth  should  have  accepted  them  as  his 

V  *'  willow-leaves,"  which  he  says  are  so  difficult  to  see  with  an  8-inch 

aperture.    Mr.  C.  G.   Tahnage  confirmed    Mr.   Dawes's  statement. 
Since  1861,  he  had  most  carefully  scrutinized  the  surface  of  the  sun 
both  at  Nice,  at  Paris,  and  in  England,  with  4-inch,  6-inch,  and  8-inch 
^  object-glasses  with  powers  up  to  500,  but  had  never  seen  the  slightest 

trace  of  "  willow-leaves,"  ^  rice  grains,"  or  "  thatch."  In  the  discus- 
sion which  followed  the  reading  of  these  papers,  Dr.  De  la  Bue  re- 
marked, that  it  is  to  the  sun  himself  and  to  other  observers  that  the 
confirmation  or  non-confirmation  of  Mr.  Nasmyth's  discovery  must  be 
left;  he  himself  maintained,  notwithstanding  what  had  faJlen  from 
other  astronomers,  that  it  was  a  substantial  discovery. 

At  the  end  of  last  year  the  assistant-secretary  of  the  Society,  Mr. 
Williams,  gave  an  abstract  of  the  record  of  thirty-six  eclipses  in  the 
Chinese  historical  work  called  '  Chun  Tsen.'  Mr.  Williams  had  con- 
verted the  Chinese  dates  into  dates  according  to  the  Julian  calendar. 
The  Astronomer-Boyal  has  lately  compared  tibe  '  Chun  Tsen '  eclipses 
with  those  calculated  in  the  French  work  entitled  '  L'Art  de  Verifier 
des  Dates,'  and  he  finds  that,  of  the  thirty-six  eclipses,  thirty-two 
agree  with  the  computations  of  modem  theory,  whilst  in  the  remaining 
four  it  is  very  probable  that  there  is  an  error  in  the  Chinese  record. 

Some  very  important  notes  on  the  binary  star,  a  Centauri,  are 
given  by  Mr.  E.  B.  Powell.  He  invites  attention  to  the  important 
portion  of  the  orbit  now  about  to  be  described,  viz.  the  part  in  the 
immediate  neighbourhood  of  the  lesser  maximum  of  distance.  If  this 
maximum  be  accurately  determined,  one  most  prominent  feature  in  the 
path  will  be  fixed ;  and  then,  as  the  companion  will  revolve  with  con- 
tinually increasing  rapidity  till  its  distance  from  the  primary  dimin- 
ishes to  1"  or  less,  a  really  excellent  orbit  ^vill  be  calculable  in  1870 
or  thereabouts.  Now  that  so  much  discussion  is  going  on  respecting 
the  changes  which  are  supposed  to  have  taken  place  in  nebulsB,  it  may 
be  of  interest  to  record  that  Mr.  Powell  considers  that  decided  changes 
have  taken  place  in  the  nebula  about  yj  Argus.  In  1860,  the  whole 
nebula  had  fSoded  away  very  considerably,  «nd  it  had  altered  its  form, 
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the  nebulous  matter  haviiig  zeoeded  so  as  to  leave  open  the  soatlieni 
end  of  the  lemniscate  yacuity.  Mr.  Abbot  first  published  ihe  &et 
that  ij  is  no  longer  in  the  dense  portion  of  the  nebula  whare  it  was 
seen  by  Sir  John  Herschel. 

In  1857  the  Astronomer-Boyal  made  a  communication  io  the  As- 
tronomical Society  on  the  means  ayailable  for  correcting  the  reoeiyed 
measure  of  the  sun's  distance  from  the  earth.    Among  the   difbreni 
subjects  of  observation  applicable  within  some  years  to  this  object,  he 
particularly  indicated  the  transit  of  Venus,  December  6,  1882,  treated 
by  the  method  of  comparison  of  duration  of  transits  at  different  places, 
as  one  meriting  most  careful  consideration.     The  Society  has  lately 
been  favoured  by  the  learned  professor  with  a  further  oommnnication 
on  this  transit,  illustrated  wiUi  orthographic  projections  of  the  illu- 
minated sides  of  the  earth  for  ingress  and  egress.     From  these  it  iB 
seen  that  on  the  seaboard  of  the  United  States  of  America,  the  dura- 
tion of  transit  would  be  shortest.     The  possible  maximum  of  shortening 
being  2-00,  that  at  the  United  States  is  represented  by  1*78.     The 
Southern  States,  as  far  as  the  Gulf  of  Mexico,  would  be  almost  aa 
favourable,  and  would  have  the  advantage  of  a  higher  sun  at  egress. 
Bermuda  would  be  also  a  very  good  place,  the  whole  shortening  there 
being  1'8.    The  circumstances  therefore  are  exceedingly  &voiiiabl6 
for  the  selection  of  observing  stations  at  which  the  duration  of  transit 
wiU  be  much  shortened.     The  choice  of  stations  where  the  duration  of 
transit  will  be  longest  is  more  limited,  and  the  practical  dificnltias 
rather  greater.     The  most  favourable  position  that  can  be  found  is 
between  Sabrina  Land  and  Bepulse  Bay,  where  the  lengthening  of  the 
transit  would  be  represented  by  1*61 — a  very  large  amount ;   the 
geometrical  possible  maximum  being  2*00.     This  point  near  Sabrina 
Land  being  tiie  only  one  very  suitable  for  the  observation,  the  Afitro- 
nomer-Boyal  thinks  it  very  desirable  that  a  reconnaissance  should  be 
made  of  different  points  on  the  Antarctic  continent^  and  that  it  should 
not  be  long  deferred.   The  first  locality  to  be  examined  is  that  in  7^  E. 
longitude  between  Sabrina  Land  and  Bepulse  Bay,  the  points  to  be 
ascertained  being  1st,  whether  the  coast  is  accessible  on  the  6th  of 
December ;  2nd,  whether  a  latitude  of  65^  can  be  reached ;  and  3rd, 
whether  the  sun  can  usually  be  seen  well  on  December  6th  at  2^  and  8*" 
Greenwich  mean  solar  time.     Should  the  answer  to  the  first  or  third 
of  these  questions  be  negative,  then  it  would  be  proper  to  examine 
other  portions  of  the  south  continent,  say  in  longitude  not  very  different 
from  5^  west,  but  with  no  particular  restrictions  except  that  of  gaining 
the  highest  possible  south  latitude.     And  the  only  point  for  inquiiy 
would  be,  how  well  the  sun  can  usually  be  seen  on  December  6th  at  the 
hours  above  named. 

Beferring  to  an  adverse  criticism  which  Messrs.  Stone  and  Oarpenter 
made  upon  I^fessor  Bond's  drawing  of  the  nebula  of  Orion,  in  which 
these  gentlemen  considered  it  was  not  so  accurate  as  that  of  Sir  John 
Herschel,  Professor  Bond  has  communicated  to  the  Astronomical 
Society  a  detailed  defence  of  his  own  drawing,  and  a  notice  of  that  of 
Sir  J.  Herschel.  He  appears  to  show  very  satisfactorily  that  Messrs. 
Stone  and  Carpenter  have  not  been  altogether  warranted  in  their 
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im&TOiirable  notioe,  as  miorometrio  meaBoremenis  proTe  that,  in  Beveral 
mataiioes,  Herschel's  drawing  is  less  accurate  than  Bond's.  It  wonld 
be  more  satisfiMtory  if  some  independent  observer  were  to  examine  the 
matter  minutely,  for  it  is  really  important,  in  Tiew  of  the  questions 
which  have  been  raised  respecting  the  reality  of  changes  in  the 
aspect  of  the  nebula.  The  reading  of  these  remarks  gave  rise  to  a 
short  discussion,  in  which  Mr.  Stone,  Dr.  Winnecke,  and  the  Bev.  C. 
Pritchard  took  part.  It  was  generally  agreed  that,  from  the  acknow- 
ledged ability  of  Mr.  Bond,  his  drawing  will  probably  become  the 
standard  of  reference  for  the  present  epoch  ;  but  it  was  most  important 
that  attention  should  be  directed  to  all  suspected  deviations  of  that 
drawing  from  accuracy,  in  order  that  they  might  now  be  settled  while 
there  is  an  opportunity  of  doing  so. 

Some  very  beautiful  photographs  of  the  sun,  taken  by  the  Ely 
Helioautograph,  were  exhibited  at  the  same  meeting  by  Professor 
Selwyn.  Some  of  them  were  6|  inches  in  diameter,  and  contained  spots 
and  fitculsB  very  clearly  marked.  He  considered  that  his  photographs 
did  not  support  a  result  obtained  by  Mr.  Stewart,  who,  tram  an 
examination  of  the  sun  pictures  taken  at  Eew,  considered  that  it  was  a 
nearly  universal  law  that  the  &cul»  belonging  to  a  spot  appear  to  the 
left  of  that  spot  Professor  Selwyn  believes  that  the  facidsd  surround 
the  spots  in  the  same  way  as  the  edges  of  a  crater  surround  the  cavity 
of  a  crater,  not  feivouring  one  side  or  the  other,  but  lying  fairlj  round 
them.  A  continuous  series  of  solar  photographs  cannot  ful  to  give  the 
means  of  proving  or  disproving  such  stat^nents. 

We  have  already  mentioned  the  series  of  Chinese  eclipses  com- 
municated to  the  Society  by  Mr.  John  Williams.  This  gentleman,  a 
profound  Chinese  and  Japanese  scholar,  has  more  recently  communi- 
cated another  series,  from  b.o.  481  to  the  Christian  era,  which  he  has 
extracted  from  a  Chinese  historical  work  entitled  '  Tung  Keen  Eang 
Muh,'  in  101  volumes,  first  published  during  the  Myng  dynasty,  about 
1473.  The  dates  have  been  carefully  verified  by  a  comparison  with 
a  set  of  chronological  tables  published  in  Japan,  which  supply  not 
only  the  Chinese  cycles  and  their  years,  arranged  according  to  their 
Kea  Ttze  system,  but  also  the  years  in  the  European  system,  answering 
to  their  cyclical  years.  The  work  of  exhuming  these  records  of 
eclipses  must  be  very  laborious,  and  Mr.  Williams  deserves  great 
praise  for  the  service  which  his  linguistic  talents  enable  him  to  render 
to  astronomic&l  science. 

Bespecting  the  bright  band  bordering  the  moon's  limb  in  photo- 
graphs of  eclipses.  Professor  Airey  described  some  experiments  which 
he  says  leave  no  doubt  on  his  mind  that  the  phenomenon  in  question 
is  a  mere  nervous  irritation  of  the  retina,  produced  by  the  view  of  the 
conterminous  black  and  white  portions  of  the  photograph. 

An  elaborate  mathematical  paper  on  shooting-stars  in  March,  by 
A.  S.  Herschel,  Esq.,  cannot  be  given  in  abstract. 

B.  Hodgson,  Esq.,  has  communicated  to  the  Society  a  note  on  the 
achromatic  object-glaiss,  illustrated  with  several  diagrams,  in  which  he 
shows  how  wide  and  large  have  been  the  variations  made  by  foreign 
opticians,  whilst  the  form  adopted  by  English  opticians  is  the  same  as 
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that  used  by  the  inyentor,  John  DoUand,  in  1758.  A  form  adopted 
by  Steinheil  in  1860,  computed  from  a  paper  by  Gauss  published  in 
1817,  is  spoken  of  very  highly  as  admitting  of  an  increased  apertnro 
for  a  given  focal  length.  With  reference  to  the  discovery  of  achro- 
matism, it  is  an  interesting  fact  that  in  a  curious  old  folio  volume, 
entitled  'Zahn's  Optics,'  printed  at  Nuremberg  in  1702,  amongst 
other  diagrams  one  is  given  of  a  pair  of  lenses  exactly  siiiiilar  to  an 
achromatic  object-glass  of  the  form  adopted  by  Dolland.  Mir.  Hodgson 
speaks  in  high  terms  of  the  regularity  and  great  excellence  of  the 
optical  glass  now  made  by  Messrs.  Chance,  of  Birmingham. 

The  Eev.  W.  B.  Dawes  has  announced  the  curious  &ct,  that  the 
small  star  s.  p.  a  HerculiB,  which  in  the  year  1856  was  discovered  by 
Mr.  Alvan  Clark  to  be  close  double,  is  a  binary  system,  the  variation 
in  position  amounting  to  about  18°  within  the  last  five  or  six  years. 

Mr.  Pogson  now  considers  that  the  identity  of  his  last  new  planet 
with  Freia  is  quite  established,  and  the  name  Sappho  is  again  at 
liberty  for  future  use.  He  has  now  provided  another  candidate  for  the 
name,  this  time  most  certainly  and  evidently  a  new  planet.  Its 
magnitude  is  10*4. 

Mr.  De  la  Hue  reports  most  favourably  of  the  performance  of  a 
telescope  of  new  construction,  sent  by  Dr.  Steinheil  for  exhibition  ai 
his  reception  held  at  Willis's  Booms  on  June  11.  The  objective  has 
an  aperture  of  about  4*2  inches,  and  a  focal  length  of  about  40  inches. 
Dr.  Steinheil  is  now  engaged  upon  an  object-glass  composed  of  three 
lenses  of  6  inches  aperture,  and  only  30  inches  focal  length. 


III.  BOTANY  AND  VEGETABLE  PHYSIOLOGY. 

Db.  Asa  Gbat  makes  the  following  remarks  in  regard  to  Calluna 
vulgaris  as  an  American  plant : — 

The  earliest  published  announcement  that  we  have  been  able  to 
find  of  CaUuna  mdgaris  as  an  American  plant  is  that  by  Sir  William 
Hooker,  in  the  Index  to  his  '  Flora  Boreali- Americana  *  (ii.  p.  280), 
issued  in  1840.     Here  it  is  stated  that — "This  should  have  been  in- 
serted at  p.  39,  as  an  inhabitant  of  Newfoundland,  on  the  authority  of 
De  la  Pylaie."     Accordingly  in  the  seventh  volume  of  De  Candolle's 
'  Prodromus,'  to  the  European  habitat  is  added  ^^Etiam  in  Islandia  et 
in  Terra  Nova  AmericsB  Borealis."      But  it  does  not  appear  that 
Mr.  Bentham  had  ever  seen  an  American  specimen.     He  cdso  over- 
looked the  fact  (to  which  Dr.  Seemann  has  recently  called  attention) 
that  Gisecke,  in  Brewster's  '  EncyclopsBdia,'  records  it  as  a  native  of 
Greenland.     No  mention  of  it  is  made  by  Dr.  Lang,  in  his  enumeration 
of  the  known  plants  of  Greenland,  appended  to  Rink's  '  Geographical 
and  Statistical  Account  of  Greenland,'  published  in  1857 ;  from  which 
we  may  infer  that  the  plant  is  perhaps  as  rare  and  local  in  Greenland 
as  in  Newfoundland,  or  even  in  Massachusetts.     In  September,  1861, 
Dr.  Gray  announced  the  unexpected  discovery,  by  Mr.  Jackson  Dawson, 
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of  a  patch  of  Heath  in  Tewkfibuiy,  Maasachnsetts ;  adding  the  remark, 
that  '^  it  may  have  been  introduced,  unlikely  as  it  seems ;  or  we  may 
have  to  rank  this .  Heath  with  Scolopendrium  officinarum,  Svbularia 
€iqucUic(^  and  Marsilea  quadrifolia,  as  species  of  the  Old  World  so 
sparingly  represented  in  the  New,  that  they  are  known  only  at  single 
stations — ^perhaps  late-lingerers  rather  than  new-comers."    And  when, 
in  a  subsequent  volume  of  the  'American  Journal  of  Science  and 
Arts,'  Mr.  Band,  after  exploring  the  locality,  gave  a  detailed  account 
of  the  case,  and  of  the  probabilities  that  the  plant  might  be  truly 
native,  we  added  a  note  to  say  that  the  probability  very  much  depended 
upon  the  confirmation  of  the  Newfoundland  habitat.     As  to  that  we 
had  been  verbally  informed,  in  January,  1839,  by  the  late  David  Don, 
that  he  possessed  specimens  of  CaUuna  collected  in  Newfoundland  by 
an  explorer  of  that  island.     Our  friend,  Mr.  C.  J.  Sprague,  however, 
after  having  in  vain  endeavoured  to  find  in  any  publication  of  Pylaie's 
any  mention  of  this  Heath  in  Newfoundland,  and  having  ascertained 
that  no  specimen  was  extant  in  Pylaie's  herbmum,  or  elsewhere  that 
he  could  trace,  naturally  took  a  sceptical  view,  and  in  the  *  Proceed- 
ings of  the  Boston  Natural  History  Society '  for  February  and  for 
May,  1862,  he  argued  plausibly,  from  negative  evidence,  against  the 
idea  that  any  native  Heath  had  ever  been  found  in  Newfoundland  or 
on  the  American  continent.     It  is  with  much  interest,  therefore,  that 
we  read  the  following  announcement  by  Dr.  Hewett  C.  Watson: 
"  Specimens  of  Ccdltma  vulgaris  from  Newfoundland  have  very  recently 
come  into  my  hands,  under  circumstances  which  seem  to  warrant  its 
reception  henceforth  as  a  true  native  of  that  island.     At  the  late  sale 
of  the  Linnean  Society's  collections  in  London,  in  November,  1863, 
I  bought  a  parcel  of  specimens,  which  was  endorsed  outside,  *A 
Collection    of    Dried    Plants    from    Newfoundland,    collected    by 
—  McCormack,  Esq^  and  presented  to  Mr.  David  Don/     The  spe- 
cimens were  old,  and  greatly  damaged  by  insects.     Apparently  they 
had  been  left  in  the  rough,  as  originally  received  from  the  collector ; 
being  in  mingled  layers  between  a  scanty  supply  of  paper,  and  almost 
all  of  them  unlabelled.     Among  these  specimens  were  two  flowerless 
branches  of  the  true  Cdlluna  mdgarisy  about  six  inches  long,  quite 
identical  with  the  conmion  Heath  of  our  British  moors.    Fortunately, 
a  label  did  accompany  these  two  specimens,  which  runs  thus :  '  Head 
of  St.  Mary's  Bay. — Trepassey  Bay,  also  very  abundant. — S.E.  of 
Newfoundland,  considerable  tracks  of  it.'     The  name  ^ Erica  mdgaria* 
has  been  added  on  the  label  in  a  different  handwriting.     All  the  other 
species  in  the  parcel  (or  nearly  all)  have  been  recorded  from  New- 
foundland, so  that  there  appeared  no  cause  for  doubt  respecting  the 
CaUuna  itself.     And,  moreover,  the  collector  had  seemingly  some  idea 
that  an  especial  interest  would  attach  to  the  Calluna,  since  in  this 
instance  he  gave  its  special  locality,  and  also  added  two  other  localities 
on  the  label.     But  there  is  very  likely  some  mistake  in  the  name  of 
the  donor  to  Mr.  Don.     It  is  believed  by  Sir  William  Hooker  that 
he  was  the  same  Mr.  W.  E.  Cormack  whose  name  is  frequently  cited 
for  Newfoundland  plants  in  the  *  Flora  Boreali-Americana.'    This 
gentleman  was  a  merchant  in  Newfoundland,  to  which  he  made  several 
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voyages.  We  BhotQd  recollect  that  the  CaUuna  advances  to  the  extreme 
western  limits  (or  out-liers)  of  Europe,  in  Iceland,  Ireland,  and  the 
Azores.  The  step  thence  to  Newfoundland  and  Massachusetts,  thou^ 
wide,  is  not  an  incredible  one." 

Without  doubt  these  are  the  very  specimens  referred  to  by  Mr. 
Don,  then  curator  of  the  Linnean  Society ;  and  now  that  the  stations 
where  they  were  collected  are  made  known,  we  may  expect  that 
the  plant  will  soon  be  rediscovered,  and  its  indigenous  character 
ascertained. 

M.  Gahours  finds  that  fruits,  such  as  apples,  oranges,  and  lemons, 
after  being  pulled,  absorb  a  portion  of  oxygen  from  &e  air,  and  giVe 
out  carbonic  acid.  The  quantity  of  the  COt  given  off  is  greatest  in 
darkness  and  at  a  high  temperature.  Similar  phenomena  take  place 
when  the  fruits  are  placed  in  oxygen  gas.  When  the  fruits  begin  to 
decay,  then  a  large  quantity  of  COs  is  formed,  so  that  the  atmosphere 
around  the  fruits  becomes  loaded  with  it  and  very  unwholesome.  This 
occurrence  depends  on  a  chemical  change  in  the  juices  of  the  fruits. 
Carbonic  acid  is  given  off  by  decaying  fruits  when  placed  in  azot^ 
proving  that  it  is  not  produced  by  absorption  of  the  oxygen  of  the  air. 
The  change  in  medlars,  called  by  Lindley  "  blotting,"  is  similar,  and 
is  accompanied  with  fermentation,  causing  sugar  to  be  converted  into 
alcohol,  carbonic  acid,  and  an  ether  which  gives  the  peculiar  aroma  to 
the  fruit. 

Dr.  Seemann  has  made  a  list  of  279  species  in  which  double  flowers 
occur.  Of  these,  234  are  exogens  and  45  endogens.  Of  the  exogenous 
species,  166  are  polypetalous,  66  gamopetalous,  and  2  apetalous.  The 
vast  majority  of  plants  producing  double  flowers  occur  in  the  Northern 
hemisphere.  Not  a  single  species  with  double  flowers  has  been  noticed 
in  Polynesia  and  Australasia.  A  few  occur  in  South  Africa  and  South 
America. 

Mr.  Carey  Lea,  of  Philadelphia,  finds  that  ozone  checks  the  growth 
of  the  roots  of  plants,  and  that  it  prevents  the  formation  of  mould. 
The  ozone  which  he  used  was  generated  by  the  action  of  sulphuric 
acid  upon  chameleon  mineral. 

It  has  been  found  that  vegetable  ivory  in  contact  with  concentrated 
sulphuric  acid  assumes  a  fine  red  colour,  almost  equal  to  magenta.  At 
first  it  is  pink,  but  gradually  becomes  deeper  until  it  attains  a  purple 
when  the  acid  has  been  allowed  to  act  for  twelve  hours. 

Professor  Braun,  in  the  *  Proceedings  of  the  Berlin  Academy,' 
gives  a  list  of  37  species  of  Marsilea.  Of  these,  4  are  found  in  Europe, 
Northern  Africa,  and  Asia ;  6  in  Southern  Asia ;  12  in  Central  and 
Southern  Africa  and  the  islands  adjacent;  9  in  North  and  South 
America — one  of  which  is  common  to  both  North  America  and  Europe; 
5  in  Australia ;  and  4  in  the  South  Sea  Islands— only  2  of  which,  how- 
ever, are  peculiar  to  them. 

NeoUnea  intcusta  of  Beichenbach,  an  orchid  allied  to  AceroM  and 
not  unlike  Habenaria  albida,  has  been  recently  added  to  the  Irish 
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I^ora.    It  was  found  in  the  woods  of  Castle  Taylor,  in  Galway,  by 
I  Miss  More.    It  has  been  previously  known  as  a  native  of  Greece, 

Malta,  Algiers,  south  of  Germany,  and  Portugal. 

Ooodyera  repens,  the  northern  limit  of  which  has  been  recorded 
as  Perth  and  Forfar,  has  been  found  recently  in  large  quantity  by 

I  Mr.  Claudio  L.  Serra  in  fir  woods  at  Dalmeny  Park,  near  Edinburgh. 

'  CoraUorhiza  innata  has  likewise  been  foimd  in  woods  near  Alloa  by 

'  Dr.  A.  Dickson,  and  at  Denholm  Green,  near  Cavers.     Braba  rupeatris 

and  Sagina  nivalis  have  been  found  by  Professor  Balfour  on  Stobinnain, 

^  a  mountain  upwards  of  3,800  feet  above  the  level  of  the  sea,  at  the 

^  head  of  Balquidder  and  close  to  Ben  More. 

I  In  the  north-western  provinces  of  India,  the  following  plants  are 

used  for  poisoning  food  with  the  view  of  robbery,  according  to  Dr. 
I  James  Irving : — Datura  fastuosa  and  aJba,  Aconitum  ferox,  Cannabis 

I  incUcaj  Nerium  Oleander, 

\  Mr.  Edward  Tuckermann  has  published  observations  on  North 

American  and  other  Lichens.  The  Lichens  are  chiefly  those  collected 
by  Mr.  Wright  in  the  Island  of  Cuba.  These  specimens  afford  a  view 
of  a  tropical  Lichen  flora  as  extensive  and  elegant  as  has  perhaps  ever 
been  given. 

M.  J.  Duval-Jouve  has  published  an  account  of  the  Natural  History 
of  the  Equisetums  of  France,  illustrated  by  10  plates.  In  reporting 
upon  it,  Messrs.  Decaisne,.Tulasne,  and  Brongniart  make  the  following 
remarks : — The  genus  Equisetum  constitutes  by  itself  one  of  the  most 
remarkable  families  of  Vascular  Cryptogams.  The  peculiar  external 
forms  of  these  plants,  the  nature  and  disposition  of  their  organs  of 
vegetation,  and  the  characters  of  their  reproductive  organs,  isolate 
them  apparently  from  the  families  near  which  they  are  placed,  on 
account  of  resemblances  in  certain  essential  points  of  character.  These 
plants  have  been  long  special  objects  of  study,  and  of  late  years 
unportant  discoveries  have  been  made  in  regard  to  their  mode  of  re- 
production. The  researches  of  Thuret,  HoSneister,  and  Milde,  from 
1848  to  1852,  have  shown  the  similarity  existing  between  Equiseta 
and  Ferns  in  their  mode  of  fecundation.  M.  Duval-Jouve  has 
extended  their  observations,  and  has  issued  a  very  complete  work  on 
the  family.  He  has  followed  the  development  of  the  various  species 
of  Equisetum  from  the  state  of  spore  up  to  the  fully-formed  fructi- 
fication. He  describes  the  structure  of  the  stemR,  the  branches,  and 
the  adult  roots  in  the  different  species,  and  points  out  the  relations 
which  exist  among  the  various  tissues  of  which  they  are  composed. 
He  also  follows  the  mode  of  development  of  the  tissues ;  the  formation 
and  multiplication  of  the  cells,  which,  at  the  summit  of  the  bud,  deter- 
mine the  first  evolutions  of  the  stem;  the  first  appearance  of  the 
sheaths,  which  in  these  plants  take  the  place  of  the  leaves ;  and  the 
formation  of  the  stomata  and  the  vessels.  The  sheaths,  which  at 
intervals  surround  the  stems  and  branches  in  the  plants,  have  generally 
been  looked  upon  as  verticils  of  imperfect  leaves;  but  M.  Duval- 
Jouve  shows  that  they  are  first  formed  as  a  continuous  ring,  the  free 
VOL.  I.  2  z 
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border  of  wlucb  at  a  later  period  forms  the  teeth  of  the  sheaths,  and 
that,  on  this  account,  their  resemblance  to  the  foliar  organs  is  renderad 
doubtful.  The  siliceous  covering  is  considered  as  a  secretion  of  the 
part  of  the  epidermal  cells  which  is  in  contact  with  the  air.  It  is  an 
inorganic  secretion  outside  the  cells,  and  resembling  in  some  respects 
the  waxy  matter  deposited  on  the  surface  of  the  leaves  and  frnits.  Full 
details  are  given  of  the  structure  of  the  stomata ;  their  position  being 
limited  to  the  parts  of  the  epidermis  which  cover  a  parenchyma  filled 
with  chlorophyll.  The  vascular  system  of  Equisetums  consists  of  a 
cylinder  of  distinct  and  very  regular  bundles  of  annular  or  spiral  Tessels. 
Eegular  lacunsB  also  occur  in  the  inside  of  these  bundles,  formed  by 
the  absorption  of  the  more  internal  of  the  vessels.  The  development 
of  spores  resembles  that  of  the  poUen-grains,  and  the  spiral  filsanents 
surrounding  the  spores  are  formed  from  the  outer  membrane  of  the 
spore  itself.  These  spores  when  germinating  produce,  as  in  ferns,  a 
small  green  irregularly-lobed  frond  or  prothallus,  called  by  M.  Dnval- 
Jouve  Sporophyme,  On  the  prothallus  are  produced  Antheridia  fiill^ 
with  spermatozoids  or  antherozoids,  and  Archegonia  containing  each 
a  germ-cell  or  embryonary-cell,  destined  after  fecundation  to  produce 
the  fructiferous  frond.  The'  prothalli  are  usually  unisexual.  The 
expulsion  of  the  antherozoids  and  their  application  to  the  Archegonia 
are  favoured  by  humidity.  The  following  species  are  described : — 
1.  Equisetum  maximum.  Lam.  2.  E.  sylvaticum,  L.  3.  E.  jprcUense, 
Ehrh.  4.  E,  arvense,  L.  5.  £J.  liitorale,  Euhl.  6.  E,  limosum,  L. 
7.  E.  pahistre,  L.  8.  E.  ramosissimum,  Desf.  9.  E,  variegatunij  Schl. 
10.  E.  trachyodon,  Al.  Bra.     11.  JJ.  hyemale,  L. 


IV.  CHEMISTEY. 

(Including  the  Proceedings  of  the  Chemical  Society.) 

The  short  space  we  can  devote  to  the  Chronicles  of  Science  in  this 
number,  obliges  us  to  condense  into  the  smallest  bulk  the  little  we 
have  to  record  of  the  progress  of  Chemistry. 

Following  our  ordinary  arrangement  we  may  first  draw  attention 
to  some  experiments  with  oxygen,  which,  although  made  some  time  ago, 
have  but  recently  become  known  to  English  chemists.  Dr.  Meissner,* 
of  Gottingen,  has  devoted  himself  to  a  thorough  investigation  of  the 
ozone  and  antozone  question ;  and  in  the  course  of  his  experiments 
has  obtained  some  curious  results.  The  most  singular,  perhaps,  is 
the  discovery  that  antozone  possesses  a  remarkable  attraction  for 
water,  which  it  takes  up  in  the  shape  of  vapour  forming  a  mist  or 
cloud.  This  the  author  supposes  to  explain  many  meteorological 
phenomena.  In  the  course  of  the  experiments  he  also  satisfied  him- 
self that  ozone  and  antozone  are  produced  from  ordinary  oxygen  in 

♦  *  Uiitersucbungen  uber  den  Sauerstoff.'    Hanover,  1863. 
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equivalent  proportions,  and  that  one  cannot  be  formed  without  the 
other,  thus  satisfisictorily  demonstrating  the  triple  nature  of  oxygen. 
Meissner's  results  and  opinions,  however,  do  not  pass  unchallenged, 
and  Yon  Babo*  throws  great  doubt  on  the  existence  of  the  so-called 
antozone. 

Some  experiments  by  Weyl  f  on  the  combinations  of  ammonium 

deserve  a  passing  notice.      By  placing  potassium  in  contact  with 

ammonia  in  a  closed  tube  the  author  obtained  an  unstable  compound 

in  which  he  supposes  one  of  the  hydrogen  atoms  of  the  ammonia  to 

be  replaced  by  potassium.     He  proposes  to  ascertain  if  it  be  possible 

to  obtain  oxides  and  salts  of  this  compound,  and  in  this  way  to  arrive 

at  some  conclusion  respecting  the  metallic  nature  of  ammonium. 

^  Tungsten,  a  metal  which  presents  some  anomalous  characteristics, 

has  been  made  the  subject  of  some  investigations  by  the  MM.  Persoz.:^ 

^  They  have  not  yet  published  their  results  in  detail,  and  now  only 

'  announce  the  discovery  in  the  metal  of  several  distinct  radicals  which 

give  rise  to  various  oxygen  compounds,  acids,  and  bases. 
!  The  colouring  matter  of  the  emerald  has  been  a  subject  of  dis- 

^  cussioti.     By  some  the  colour  was  supposed  to  be  due  to  organic 

matter  only;  but  Wohler  and  Eose§  hiave  recently  determined  the 
I  presence  of  a  very  minute  proportion  of  oxide  of  chromium  to  which 

s  they  attribute  the  colour,  admitting  the  possibility  of  some  organic 

F  matter  being  present.     A  stone,  however,  which  they  kept  for  an  hour 

at  the  temperature  of  melted  copper  showed  no  sign  of  idteration. 

It  may  be  worth  mentioning  that  M.  Aupin  has  determined  the 
presence  of  silver  in  the  water  of  the  Dead  Sea,  a  ton  of  the  saline 
residue  of  which  contains  seven  grains  of  the  precious  metal. 

In  organic  chemistry  we  may  announce  the  discovery  of  yet 
another  hydrocarbon  in  that  highly  complex  mixture,  coal  tar.||  The 
discovery  seems  to  have  been  made  about  the  same  time  by  MM. 
Bechamp  and  Naquet.  The  new  body  boils  at  about  140^  0.,  and 
M.  Naquet  announces  its  composition  to  be  C,  H^s.  Beilstein,  how- 
ever, asserts  it  to  be  identical  with  Xylene  Cg  H^o. 

Some  recent  cases  of  poisoning  have  caused  a  considerable  exten- 
sion of  our  knowledge  of  vegetable  poisons.  Digitaline  has  been 
made  the  subject  of  investigation  by  several  French  chemists,  and 
especially  by  MM.  Grandeau  T  and  Lefort.**  The  experiments  of 
the  former  were  principally  directed  towards  obtaining  a  ready  and 
decisive  means  of  detecting  the  poison  in  organic  mixtures,  in  which 
he  has  to  some  extent  succeeded.  He  has  found  that  digitaline  passes 
with  tolerable  facility  through  a  dialyser,  and  may  be  extracted  from 
the  evaporated  diffauate  by  means  of  alcohol.  The  most  characteristic 
reaction  he  has  found  to  be  that  produced  when  digitaline  is  moistened 

♦  •  Annal.  der  Chem.  und  Pharmacie/  Dec.  1863,  p.  265. 

t  *Poggendorflf'8  Annalen,'  No.  iv.,  1864,  p.  601. 

X  *  Ck)inpte8  Rendos,*  June  27,  1864. 

§  Ibid. 

II  *  Gomptes  Rondus,'  Jaly  6,  25.  and  Aug.  4. 

%  'Comptes  Rendus.'  vol.  Iviii.  p.  1048. 

♦•  •Chemical  News,'  vol.  x.  p.  99. 
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with  gnlphnric  acid  and  exposed  to  tlie  vaponr  of  bromine.  It  then 
instantaneonsly  assumes  an  intense  violet  colour,  varying  in  shade 
according  to  the  amomit  of  the  substance  present,  but  snfficieiitly 
distinct  with  0*0005  of  a  gramme.  M.  Lefort's  investigation  wu 
confined  to  the  di£Eerent  properties  of  the  various  digitalines  found  in 
conmierce ;  and  we  may  say  in  a  few  words  that  the  differences  re- 
marked were  so  great  as  to  show  that  digitaline  at  the  best  is  sn 
extremely  variable  substance,  the  use  of  which  as  a  medicine  should 
at  once  be  prohibited. 

A  lamentable  occurrence  at  Liverpool  has  been  the  occasion  of 
some  experiments  on  the  chemical  properties  of  the  Calabar  bean  by 
Dr.  Edwards,*  which  will  be  found  of  great  interest  to  toxicologiste. 

While  on  the  subject  of  the  detection  of  vegetable  poisons  we 
must  mention  that  Dr.  Helwig  f  has  found  that  by  a  very  carefnllj 
regulated  temperature  morphia,  brucia,  strychnia,  veratria,  aconitia, 
and  atropia  may  be  sublimed,  and  the  microscopic  appearance  of  the 
sublimate  become  the  means  of  identification. 

Cahours,  whose  experiments  on  the  respiration  of  leaves  and 
fruits  we  noticed  in  our  last,  has  proceeded  with  an  examination  of 
the  respiration  of  flowers,  f  The  green  parts  of  plants,  it  will  be 
remembered,  under  the  influence  of  light  assimilate  carbon  and  give 
off  oxygen ;  the  coloured  parts,  on  the  contrary,  absorb  oxygen  and 
evolve  carbonic  acid. 

In  analytical  chemistry  we  have  but  little  to  report.  Professor 
Williamson  and  Dr.  Eussell  detailed  to  the  Chemical  Society  a  new 
method  of  gas  analysis,  no  description  of  which  would  be  intelligible 
unless  accompanied  by  a  drawing  of  the  apparatus  employed.  Wo 
must  therefore  refer  the  reader  to  the  *  Journal  of  the  Chemical 
Society '  for  the  description. 

M.  Schloesing  has  quite  recently  §  published  a  method  of  esti" 
mating  phosphoric  acid  in  earthy  phosphates  by  reducing  the  acid  in 
a  current  of  carbonic  oxide,  and  subsequently  passing  the  volatilized 
phosphorus  into  a  solution  of  nitrate  of  silver.  The  phosphide  of 
silver  which  is  formed  is  then  converted  into  phosphate  and  weighed. 
This  process  is  not  likely  to  meet  with  general  adoption.  The  deter- 
mination of  phosphoric  acid  is,  however,  a* very  important  matter, 
especially  to  &e  agricultural  chemist,  and  we  therefore  call  attention 
to  a  valuable  paper  on  the  analysis  of  mineral  phosphates  by  Mr. 
R  Warrington,  jun.,||  which  contains  a  detailed  description  of  the* 
best  methods  hitherto  pursued. 

In  the  technical  applications  of  chemistry  one  or  two  important 
discoveries  have  been  made.  The  first  we  may  notice  is  that  of 
M.  Pelouze,ir  who  has  found  that  the  alkaline  polysulphides  saponify 
fats  as  easily  as  caustic  alkalies.     This  discovery  may  considerably 

♦  •  Chemical  News,'  vol.  x.  p.  108. 

t  ♦Zeitscbrift  fiir  Analytisohe  Chemie,'  H.  1.  1864. 

X  *  Gomptes  Rendus/  June  27, 1864. 

§  '  Comptes  RenduH/  Aug.  2^  1864. 

II  *  Chemical  News,'  vol.  x.  p.  1. 

^  •  Oomptea  Rendus/  July  6, 1864. 
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lessen  the  cost  of  prodacing  soaps,  if  some  effectual  means  of  removing 
the  sulphur  compounds  should  be  deyised. 

Another  discovery  bearing  on  the  same  subject  has  been  made  by 
M.  Mege-Mouries,*  who  notices  that  fats  in  the  globular  state,  which 
is  induced  by  agitating  a  melted  fat  with  warm  water  containing  a 
little  yolk  of  eggs  or  even  soap,  are  saponified  by  a  much  smaller 
amount  of  alkali  and  in  a  much  shorter  space  of  time  than  when  in 
the  ordinary  liquid  state. 

The  colouring  matters  of  madder  have  been  the  subjects  of  some 
'  investigations  by  M.  E.  Kopp,!  who  has  found  that  yellow  alizarine 

*  may  be  separated  £rom  the  common  commercial  green  substance  by 

(  agitating  the  latter  with  mineral  oil,  in  which  the  yellow  is  soluble 

I  but  not  the  green.     Caustic  soda  in  weak  solution  will  now  separate 

'■  the  madder  colour  from  the  oil,  and  the  addition  of  sulphuric  acid  to 

I  saturate  the  alkali  now  precipitates  pure  yellow  alizarine. 

i  These  are  a  few  of  the  more  generaUy  interesting  subjects  which 

have  engaged  the  attention  of  chemists  within  the  last  three  months. 
f 
I 

^  Pboosedikos  of  the  Chemical  Society. 

I  The  papers  which  have  been  read  at  the  Chemical  Society  since 

our  last  publication  include  that  by  Professor  Williamson  and  Dr. 

t  Bussell,  On  a  New  Method  of  Gas  Analysis;  Professor  Wanklyn, 

On  Isomeric  Hydrocarbons ;  P^rofessor  Williamson,  On  the  Classifi- 

(  cation  of  the  Elements  according  to  their  Atomic  Weights  ;  Professor 

Stokes,  On  the  Detection  and  Discrimination  of  Organic  Bodies  by 

I  means  of  their  Optical  Properties  ;  Mr.  Schorlemmer,  On  the  Identity 

of  Methyl  and  Hydride  of  Ethyl ;  Mr.  E.  Dale,  On  the  Action  of 

f  Baryta  on  Suberic  Acid ;  and  A  Description  of  Vacuum  Experiments 

by  Dr.  H.  Sprengel.     The  session  was  concluded  by  the  reading  of  a 

I  discourse  On  the  Philosophy  of  British  Agriculture,  written  by  Pro- 

fessor Way. 


V.    GEOLOGY  AND  PALEONTOLOGY. 

{Including  the  Progress  of  the  Geological  Survey  of  the  United 

Kingdom.) 

The  most  important  event  of  the  past  quarter  affecting  Geology,  is 
doubtless  the  appearance  of  the  new  '  Geological  Magazine,'  with 
which  is  incorporated  its  predecessor,  '  The  Geologist.'  The  last- 
named  periodical,  though  well  supported  when  it  began,  had  latterly 
become  of  a  very  inferior  character,  so  much  so  that  we  have  not  had 
occasion  to  notice  it  in  these  Chronicles,  and  therefore  its  replacement 

♦  *  Comptes  Rendus,'  vol.  Iviii.  p.  864. 
t  'Comptes  Rendufl,'  Aug.  17,  1864. 
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by  a  new  and  ably^oondacted  journal  is  at  once  a  weloome  change  to 
the  geologist,  and  an  important  advance  in  the  science. 

The  first  number  of  the  new  journal  opens  with  a  brief  review  of 
"  The  Past  and  Present  Aspects  of  Greology,"  which  contains  more 
"ideal"  philosophy  than  is  usually  exhibited  in  the  ^writings  of 
geologists,  and  sets  before  the  reader,  clearly  and  concisely,  a  state- 
ment of  the  different  phases  or  "  aspects  *'  of  iiie  science  at  the  seTenl 
periods  in  its  history,  pointing  out  and  contrasting  at  the  same  time 
"the  ideas  that  during  each  of  those  epochs  guided  the  course  of 
geological  investigations,  forming  for  the  time,  so  to  speak,  the  rudder 
of  geological  thought." 

The  original  articles  are  all  valuable  contributions  to  geological 
literature.  Mr.  Salter's  paper  on  **The  Pebble-bed  at  JBudlei^ 
Salterton  "  is  an  appendix  to  his  description  of  the  fossils  £rom  thit 
deposit,  which  was  published  in  the  last  number  of  the  *  Quarterly 
Journal  of  the  Greological  Society ;'  the  author  comes  to  the  condnsiaD 
that  these  fossils,  found  in  a  pebble-bed  of  the  new  red  sandstoDe 
period,  belong  to  the  Norman  lower  Silurian  fauna,  and  are  perfectly 
distinct  from  English  fossils  of  that  age  ;  they  therefore  indicate  tfae 
existence  of  a  land  barrier  between  the  seas  of  England  and  Normandy 
during  the  lower  Silurian  period,  a  conclusion  at  which  Mr.  Grodwin- 
Austen  arrived,  on  independent  grounds,  some  years  ago.  Mr. 
Davidson's  paper  on  "  Thecidium  "  is  a  very  exhaustive  exanii nation 
into  the  value  of  the  recent  and  tertiary  species  of  the  gennSy  and  a 
description  of  their  anatomy ;  in  the  course  of  which  the  author 
shows  that  many  of  the  so-called  species  are  mere  varieties  of  the 
recent  Theddium  Mediterraneum. 

The  second  number  quite  keeps  up  the  character  of  the  new  magur 
zine,  and  contains  two  important  papers — one  by  Mr.  S.  P.  Woodward 
and  the  other  by  Mr.  Day — besides  several  others  of  less  general 
interest.     In  Mr,  S.  P.  Woodward's  paper  on  "The  Bridlington 
Crag,"  there  is  a  very  complete  and  useful  list  of  all  the  species  of 
shells  hitherto  found  in  that  deposit ;  and  the  comparison  of  this  &ja» 
with  those  of  other  accumulations,  hitherto  supposed  to  be  synclronoos 
with  it,  has  led  the  author  to  the  somewhat  tmexpected  result  that  the 
Bridlington  deposit  can  no  longer  be  considered  the  exact  equivalent 
of  the  Norwich  Crag  in  age  or  in  climatal  conditions,  and  that  the 
shells  "  are  almost  equally  distinct  £t*om  those  of  the  last  pre-glacial 
and  those  of  the  first  post-glacial  deposits,  and  is  (sic)  much  more 
Arctic  than  either,  as  if  formed  during  the  climax  of  the  last  great  age 
of  cold  in  Britain.*'  Mr.  Day's  paper  on  **  Acrodm  AnningicB,  Agass.," 
treats  of  the  structure  of  a  very  remarkable  shark,  as  exemplified  by  a 
complete  lower  jaw  found  by  the  author  in  the  lias  of  Lyme  Regifi, 
which  apparently  contains  teeth  hitherto  referred  to  two  different 
genera,  until  now  regarded  by  many  eminent  palaaontologists  as  belong- 
ing to  distinct  families.     Geologists  have  more  frequently  to  deal 
with  fragments  than  with  perfect  specimens,  and  they  therefore  often 
find,  as  in  this  case,  that  structures  considered  by  them,  through  im- 
perfect knowledge,  to  be  characteristic  of  distinct  genera,  or  even 
families,  belong  in  reality  to  the  same  individual.    Thus  the  philoso- 
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phical  paladontologist  becomes  impressed  with  the  consciouflness  of  the 
imperfection  of  the  geological  record  ;  while  the  man  of  mere  fact — the 
Gradgrind  and  Bomiderby  of  palsBontology — still  clings  to  his  own 
feeble  interpretation  of  imperfect  specimens,  and  mista^king  fiuicy  for 
fact,  adopts  as  finally  true  those  erroneous  notions  which  the  *' dreamer" 
only  tolerates  provisionally  as  a  plausible  hypothesis. 

The  other  articles  in  these  numbers  are  also  interesting  ;  besides 
which  there  are  several  abstracts  of  foreign  memoirs,  reviews  of  recent 
publications,  reports  of  proceedings  of  field-clubs,  and  other  matter  of 
interest  to  the  geologist.* 

Professor  von  Ettingshausen  has  lately  published  a  pamphlet, 
entitled  '  Ueber  die  Entdeckung  des  NeuhoUandischen  Charakters  der 
iEocenflora  Enropa^s,  und  iiber  die  Anwendung  des  Naturselbstdruckes 
zur  Forderung  der  Botanik  und  PalsBontologie,'  and  although  its 
immediate  object  is  merely  to  show  that  the  author  was  the  first  to  point 
out  the  Australian  character  of  the  Eocene  flora  of  Europe,  and  that 
nature-printing  can  be  used  advantageously  for  the  illustration  and 
comparison  of  recent  and  fossil  plants,  yet  it  advances  our  knowledge 
of  the  subjects  treated,  by  bringing  prominently  forward  the  facts 
essential  to  his  argument ;  and  we  freely  admit  that,  after  reading  his 
pamphlet,  few  besides  his  antagonist,  Professor  linger,  would  be  likely 
to  dispute  with  him  either  of  the  points  at  issue.  The  advantages 
attending  the  employment  of  the  procesi^  of  nature-printing  for  pur- 
poses of  comparison  appear  so  obvious,  that  Professor  Unger's  opinion 
to  the  contrary  is  not  a  little  remarkable ;  and  as  regards  the  Austra- 
lian character  of  the  Eocene  plants.  Professor  Unger's  "  Dissolving 
Views  "  have  long  made  familiar  to  us  his  opinion  respecting  their 
"  insular  "  character,  as  distinguished  from  the  inference  of  Professor 
von  Ettingshausen  that  they  belonged  to  a  *'  Continental "  and  New 
Holland  flora. 

Dr.  Dawson's  memoir  on  '  Air-breathers  of  the  Coal-period,'  con- 
tains descriptions  of  all  the  remains  of  supposed  air-breathers  that 
have  been  found  in  the  carboniferous  strata  of  Nova  Scotia ;  many  of 
them  have  been  described  before  by  Professor  Owen,  the  author,  and 
others,  so  that  this  publication  may  be  considered  a  synopsis  and 
resume  of  the  whole  subject.  The  vertebrate  remains  belong  to  five 
genera — Hylonomus,  Baphetes,  Dendrerpeton,  Hylerpeton,  and  Eoaaurua  ; 
but  the  invertebrata  are  represented  only  by  a  Myriapod  and  a  Pupa, 
with  possibly  some  insect-remains.  The  vertebrate  fossils  were  dis- 
covered, in  the  first  instance,  in  the  interior  of  trunks  of  trees,  by  Sir 
Charles  Lyell  and  the  author;  but  the  remains  of  Eosaurua  (two 
vertebr»  only)  have  been  since  discovered  by  Mr.  0.  C.  Marsh. 

Respecting  the  affinities  of  the  vertebrata — the  most  important 
subject  treated  —  it  may  be  briefly  stated  that  Dr.  Dawson  refers 
Baphetes  and  Dendrerpeton  to  the  Labyrinthodonts,  Hylerpeton  doubt- 
fully to  the  Archegosaurians,  and  Hylonomus  to  a  new  order  (Micrch- 
8auria)y  which  he  does  not  define ;  whQe  to  Eosaurua  he  does  not  assign 
a  place. 

*  Our  limited  space  compels  us  to  postpone  the  consideration  of  the  suooeeding 
numbers  of  *  The  Geological  Magazine.* 
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The  uncertainty  as  to  the  zoological  position  of  the 
animal  has  reference  only  to  the  order,  for  it  certainly  belongs,  as  do 
the  orders  Labyrinthodordia  and  Archegosauria^  to  the  class  Ampbiba 
(included  with  the  Beptilia  by  Dr.  Dawson);  and  as  regards  ihe  new 
order  Microsauria,  Dr.  Dawson  states  that  it  "may  be  regarded  as 
aUied,  on  the  one  hand,  to  certain  of  the  hmnbler  lizards,  as  the  gedn> 
or  agama,  and  on  the  other,  to  the  tailed  batrachians."  I£  this  be  bo, 
JSylanoinm  must  have  a  special  interest  for  the  naturalist,  as  fonning 
a  connecting  link  between  two  classes  of  the  vertebrata.  Snt  tbe 
author  also  states  that  the  genus  Hylerpeton,  though  referred  by  him, 
with  some  doubt,  to  the  order  Archegosauria,  "  may  possibly  be  a  link 
of  connection  between  the  Micrasauria  and  the  Archegosawria," 

As  these  fossils  were  discovered  in  association  with   a  mollusk 
belonging  to  a  genus  (Pupa)  which  exists  at  the  present  day,  and  toao 
order  (Pvlmonata)  not  otherwise  known  to  occur  in  beds  below  ^ 
Purbeck,  and  in  the  same  strata  as  a  myriapod,  whose  next  oldest 
known  representative  was  found  in  Jurassic  strata,  their  examinatioii 
and  description  naturally  led  Dr.  Dawson  to  discuss  their  bearing  upon 
Mr.  Darwin's  hypothesis  of  the  origin  of  species.    Accordingly  ibe 
author  devotes  a  chapter  to  this  subject,  with  which,  of  course,  he  has 
no  great  sympathy  ;  and  we  imagine  that  he  refers  to  this  part  of  his 
memoir  when,  in  his  introduction,  he  threatens  to  indulge  in  gossip 
without  scruple,  for  we  have  certstinly  fuled  to  detect  the  promised 
"  gossip  "  anywhere  else. 

The  first  part  of  Professor  Owen's  "Memoir  on  the  Oavem  of 
Bruniquel  and  its  Organic  Contents"  was  read  before  the  Royal  Society 
on  June  9th ;  it  contained  descriptions  of  the  human  remains  foxmdin 
the  cave,  and  an  account  of  the  circumstances  under  which  they  were 
discovered  ;  the  contemporaneity  of  the  human  remains  with  those  of 
the  extinct  and  other  animals,  and  the  bone  and  flint  implements  with 
which  they  are  associated,  being  inferred  from,  the  similarity  of  their 
position  and  relations  in  the  surrounding  breccia,  and  from  die  chemi- 
cal constitution  of  the  human  bones  corresponding  with  that  of  ihe 
other  animal  remains. 

Several  small  portions  of  human  crania  were  noticed  by  the  author, 
and  more  particularly  the  hinder  portion  of  a  cranium,  with  several 
other  parts  of  the  same  skeleton,  which  were  so  situated  as  to  indicate 
that  the  body  had  been  interred  in  a  crouching  posture ;  also,  an 
almost  entire  calvarium  was  described,  and  then  compared  with 
different  types  of  skull,  being  found  to  correspond  best  with  the 
Celtic  type.  Certain  jaws  and  teeth  of  individuals  were  next  noticeci, 
GspeciaUy  the  lower  jaw  and  teeth  of  an  adult,  and  upper  and  lower 
jaws  of  children,  the  latter  showing  the  characters  of  certain  deciduous 
teeth. 

The  geological  value  of  this  large  and  unique  collection  of  fossil 
human  remains  depends  entirely  upon  its  age,  and  as  that  can  be 
determined  only  after  a  careful  examination  of  the  bones  associated 
with  them,  we  must  be  content  to  wait  patiently  for  the  reading  of  the 
socoud  part  of  this  memoir  before  arriving  at  a  conclusion. 
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'  The  most  complete  work  that  has  yet  appeared  on  the  geology  of 
Madeira  has  just  been  published  at  Leipzig;  it  is  entitled  *  Greologische 
i  Beschreibung  der  Insehi  Madeita  nnd  Porto  Santo/  von  G.  Hartimg  ; 

and  it  contains  also  descriptions  of  the  fossils  by  Dr.  Karl  Mayer. 
It  is  the  result  of  several  years'  investigation  of  the  geology  of  the 
island,  begun  in  1853  in  company  with  Sir  Charles  Lyell,  and  since 
continued  by  the  advice  of  that  distinguished  geologist. 
\  Dr.  Hartung  first  describes  the  different  stratified  and  volcanic 

[  rocks  composing  the  islands  of  Madeira  and  Porto  Santo,  the  forms  of 

r  the  hills,  and  the  results  of  marine  and  sub-aerial  erosion,  or  denuda- 

tion ;  but  the  greater  part  of  the  work  is  taken  up  with  a  detailed 
description  of  the  various  peaks,  cones,  and  craters,  this  part  of  the 
I  subject  being  well  illustrated  by  lithographed  views  of  the  localities, 

coast-sections  of  the  volcanic  cones,  and  maps  of  the  islands,  though 
r  the  latter  are  unfortunately  not  coloured  geologically. 

I  Dr.  Karl  Mayer  gives,  in  the  concluding  chapter,  a  full  account  of 

I  the  results  of  his  examination  of  the  tertiary  fossils  of  Madeira,  and 

his  comparison  of  them  with  those  from  the  Azores,  and  from  Euro- 
[  pean  localities  the  strata  of  which  have  a  well-defined  horizon.    He 

differs  in  some  respects  from  most  other  palasontologists,  and  we  think 
he  has  assigned  to  the  Madeira  strata  too  remote  an  age  in  considering 
them  to  be  of  the  horizon  of  Swiss  Miocene,  for  out  of  208  species 
determined  by  him  72  are  recent ;  and  although  91  species  (only  9  of 
which  are  characteristic)  are  found  in  the  '*  Helvetian  "  formation,  yet 
80  are  found  in  the  *'  Mayencien  "  below,  and  83  in  the  ''  Tortonien  " 
above,  the  numbers  being  so  nearly  alike  that  the  difference  may  be 
due  to  accident,  and  the  percentage  of  recent  forms  (35)  being  far  too 
great  for  the  '*  Helvetian  "  strata. 

About  two  years  ago  geologists  were  not  a  little  surprised  at  an 
announcement  made  by  Dr.  H.  B.  Greinitz,  of  Dresden,  an  eminent 
palsBontologist,  that  he  had  discovered  a  Trilobite  in  the  collection  of 
Madame  Kablik,  from  the  Eothliegende  of  Nieder-Stepanitz,  near 
Hohenelbe,  which  he  had  therefore  named  Dalmanites  Kablikce  ;  with 
it  was  associated  another  crustacean,  to  which  he  gave  the  name 
Kahlikia  dyadica.  Both  fossils  occurred  in  a  black  micaceous  clay- 
slate,  not  distinguishable  from  a  similar  rock  occurring  at  Nieder- 
Stepanitz,  and  therefore  Dr.  Greinitz  felt  certain  that  Madame  Kablik 
was  neither  deceived  nor  deceiving  when  she  assured  him  that  it  came 
from  that  locality.  The  word  of  a  lady,  aided  perhaps  by  her  looks, 
was  sufficient  to  upset  Dr.  Geinitz's  faith  in  palsdontology,  its  laws 
and  its  facts;  but  other  paleontologists,  fietr  removed  from  the  personal 
influence  of  the  fair  collector,  were  sufficiently  prosaic  to  put  the  veto 
of  their  calmer  judgments  on  the  validity  of  the  asserted  fact  Dr. 
Greinitz,  stimulated  by  the  discovery  of  a  more  perfect  specimen  in  the 
lady's  cabinet,  sot  about  confounding  his  compeers ;  but  *'  facts  are 
stubborn  things,*'  and  he  therefore  gradually  became  convinced  that 
his  Dcdmanitea  KablikcB  was  none  other  than  the  Placoparia  Ztppei, 
Bock,  sp.  —  a  8X)ecies  which  occurs  in  the  old  Silurian  slates  of 
Dobrotivd,   neai*  Boraun !      Dr.   Gcinitz  lingers   lovingly  over  his 
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Dcdmanites  KablikoB  before  consigning  it  to  its  grave,  and  ihen  lamentR 
that  Kablikia  dyadica  must  be  "degraded"  to  KabUhta  silurical 
This  result  of  the  "  unangenehme  Tauschung  "  is  stolidly  descriljed  in 
the  recently  published  '  Sitzungsberichte  der  natur-wissenschaftlidie 
Gesellschaffc  Isis  zu  Dresden '  for  1863  (p.  50).  We  give  the  page 
because,  like  the  works  of  Mr.  Carlyle's  '  Dryasdust,'  the  "  Isis  "  has  no 
index. 

AU  geologists  feel  themselves  participators  in  some  degree  in  tiie 
honour  which  has  just  been  conferred  by  Her  Majesty  upon  Sir  Charles 
Lyell,  who  has  recently  been  created  a  baronet  of  the  United  Kingdom, 
under  the  title  of  Sir  Charles  Lyell,  Baronet,  of  Kinnordy,  in  the 
county  of  Forfar;  and  we  feel  certain  that  the  general  public  is 
equally  pleased  that  this  mark  of  distinction  should  have  been,  bestowed 
by  the  Queen  upon  a  savant  who  has  so  often  and  so  ably  assisted  them 
to  a  clear  and  philosophical  comprehension  of  geological  plxenomena 
and  their  causes. 


Pbogress  of  thb  Geological  Subvet  of  the  United  Ein6i>om. 

In  our  last  number  we  gave  an  outline  of  the  progress  of  the  Ordnance 
Survey  of  these  islands,  and  we  now  propose  to  supplement  that  sketch 
with  an  account  of  the  origin  and  progress  of  that  survey,  the  object 
of  which  is  to  portray  on  the  Ordnance  maps  the  mineral  composition 
of  the  surface.     It  will  be  evident,  therefore,  that  a  correct  topogra- 
phical survey  must  precede,  and  form  the  basis  of,  a  correct  geological 
survey.     Now  it  so  happened  that  a  few  years  after  the  detailed  map- 
ping of  the  Ordnance  surveyors  had  been  commenced  in  the  south  of 
England,  the  value  of  geological  surveys  began  to  be  recognized  by  the 
Government  of  this  coimtry,  as  well  as  by  those  of  several  Europesn 
states.     It  was  felt  that  if  the  area  occupied  by  each  geological  forma- 
tion, representing,  as  is  generally  the  case,  some  special  group  of 
minerals,  could  be  accurately  depicted,  by  colouring  on  maps  of  suffi- 
cient size,  we  should  be  able  to  arrive  at  an  approximate  knowledge  of 
the  mineral  resources  of  the  country.     In  the  case  of  the  coal-fields, 
such  knowledge  would  be  specially  valuable,  as  forming  the  basis  for 
correct  estimates  of  our  coal-resources.     But  there  are  other  minerals 
and  rocks  only  second  in  value  to  coal,  such  as  the  iron-formation  of 
the  Oolitic  period,  the  limestones  of  the  carboniferous,  and  the  slates 
of  the  Silurian,  and  it  was  wisely  determined  from  the  commencement 
that  in  the  national  survey  all  formations  alike  should  receive  equal 
care  and  attention,  and  that  the  maps  should  be  equally  reliable  as 
guides  for  the  miner,  the  agriculturist,  or  the  man  of  science. 

The  Geological  Survey  of  Great  Britain  had  its  origin  in  tb© 
indomitable  perseverance  of  its  first  director-general.  Sir  H.  T.  De  la 
Beche.  This  accomplished  naturalist,  originsdly  brought  up  for  the 
army,  early  turned  his  attention  to  science,  his  mind  having  been  pro- 
bably attracted  to  geology  by  his  residence  at  Lyme  Regis,  where  the 
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clififs  of  lias  afford  to  the  collector  such  rich  treasures  of  past  living 

forms.     His  love  of  geology  increased  with  his  years,  and  seems  to 

^  have  been  especially  marked  by  an  appreciation  of  its  practical  bearings. 

^  Having  left  the  army  and  arranged  his  private  a£birs,  he  commenced 

^  with  the  whole  force  of  his  character  to  elaborate  those  plans  for  a 

national  survey,  which  he  lived  to  see  crowned  with  success.     Being 

firmly  convinced  of  the  importance  of  a  geological  survey,  on  the  basis 

-  of  the  Ordnance  maps,  he  determined  on  a  plan  which  involved  no 
little  cost  of  labour  and  money  to  himself,  in  order  to  bring  the  sub^ 

-  ject  forcibly  before  the  leading  statesmen  of  the  day.   He  consequently 
commenced  to  trace  on  the  Ordnance  maps  of  Cornwall  the  boundaries 

t  of  the  geological  formations,  as  well  as  to  insert  the  mineral  veins, 

i  dykes,   and   other  phenomena;    and  having  drawn    up  illustrative 

i  sections,  "  he  thus  took  a  first  step,"  to  quote  the  words  of  his  successor, 

1  Sir  B.  I.  Murchison,  *'  in  leading  public  men  to  see  the  good  which 

must  result  from  the  extensive  application  of  such  a  scheme."  Having 
by  this  means  succeeded  in  inducing  the  Government  of  the  day  to 
grant  a  sum  for  the  support  of  a  limited  number  of  assistants,  the 
Greological  Survey  was  established  as  a  branch  of  the  Ordnance.  The 
grant  once  made  has  been  gradually  augmented,  so  as  to  allow  the 
'  employment  of  a  larger  staff  of  surveyors  than  was  at  first  contem- 

plated, and  the  whole  undertaking,  after  having  been  dissociated  from 
!  the  Ordnance,  has  at  length  been  placed  under  the  Science  and  Art 

department  of  the  Committee  of  Council  on  Education. 

While  pursuing  his  investigations  in  the  mining  districts  of  Corn- 
wall, Sir  H.  De  la  Beche  became  "  forcibly  impressed  '*  with  the 
conviction  that  the  survey  presented  an  opportunity  not  likely  to  recur 
of  illustrating  the  useful  application  of  geology,  and  he  in  consequence 
represented  to  Mr.  Spring  Eice  (afterwards  Lord  Monteagle),  then 
Chancellor  of  the  Exchequer,  that  a  collection  should  be  formed  and . 
placed  under  the  ofi&ce  of  the  Board  of  Works,  comprising  specimens 
of  various  mineral  substances  used  in  the  construction  of  roads,  build- 
ings, and  public  works,  as  well  as  minerals,  and  models  of  machinery 
used  in  mining,  the  whole  to  be  tabulated  and  arranged  for  easy 
reference,  and  thus  to  illustrate  at  a  glance  the  mineral  resources  and 
mining  enterprise  of  the  United  Kingdom.  Government  having 
acquiesced,  the  Museum  in  Craig's  Court  was  appropriated  for  the 
purpose.  Specimens  rapidly  flowed  in,  and  the  small  building  was 
speedily  filled.  A  larger  structure  was  urgently  needed,  and  the 
director  having  succeeded  in  convincing  Sir  Bobert  Feel  that  the 
dignity  and  interests  of  the  country  required  that  an  adequate  and 
appropriate  structure  should  be  erected  for  the  exhibition  of  the 
mineral  treasures  with  which  it  abounds,  the  present  Museum  of 
Practical  Greology  was  founded.  ''Then  arose,"  to  use  again  the 
language  of  the  present  director-general,  "  and  very  much  after  the 
design  of  Sir  H.  De  la  Beche  himself,  that  well-adapted  edifice  in 
Jermyn  Street,  which,  to  the  imperishable  credit  of  its  founders,  stands 
forth  as  the  first  palace  ever  raised  &om  the  ground  in  Britain  which 
is  entirely  devoted  to  the  advancement  of  science."  Indeed,  when  we 
recollect  that  the  value  of  the  minerals  raised  in  the  United  Kingdom 
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amounted  for  the  year  1851  to  24,000,0002.,  it  will  be  admitied  tint 
the  time  had  arrived  for  the  erection  of  a  building  in  some  de^ne 
proportionate  to  the  position  occupied  by  this  country  in  minisg 
enterprise. 

The  next  step  \Fa8  the  establishment  of  a  school  of  mines.    Although 
in  1851  the  mineral  produce  of  this  country  was  calculated  at  fomr- 
ninths  of  that  derived  from  all  Europe,  no  school  having  for  its  object 
the  instruction  of  persons  engaged  in  mining  operations   liad  been 
established  up  to  that  year  in  the  United  Kingdom.     In  this  xesped 
other  countries  had  been  in  advance  of  ours.    France,  Bussia,  Prussia, 
Saxony,  Austria,  Spain,  Sweden,  Denmark,  and  others  even    less  con- 
nected with  mining  industry,  were  furnished  with  schools  o£  minipg 
by  their  respective  governments.     The  consequence  was,  tliat  in  the 
theoretical  branches  of  mining  we  were  often  feur  behind.      In  many 
quarters  there  existed  a  prejudice  against  the  application  of  science  to 
mining,  as  though  theory  and  practice  were  necessarily  opposed  to 
each  oUier ;  and  young  men  who  wished  to  acquire  the  former  as  well 
as  the  latter,  were  obliged  to  go  to  the  schools  at  Freiburg  and  else- 
where, in  order  to  be  instructed  in  the  rudiments  of  their  profsssion. 
A  committee  of  the  House  of  Lords  at  length  reported  (1849)  in  faTOur 
of  the  establishment  of  a  Gk)vemment  school  of  mines,  and  the  Idnaettm 
of  Practical  Greology  was  fixed  upon  as  the  proper  centre  for  its  opera- 
tions.    The  inauguration  took  place  in  1851,  and  along  with  the 
Geological  Survey,  the  school  was  placed  under  the  direction  of  Sir 
H.  De  la  Beche.     The  edifice  was  thus  complete  in  all  its  details, 
but  he  who  was  the  master-builder  did  not  long  survive  to   see  the 
fruits  of  his  labours.     A  premature  decay  of  his  physical  powers  set 
in,  and  he  died  in  1858,  regretted  alike  by  the  scientific  world  and  by 
his  own  immediate  friends,  and  leaving  the  department  over  which  he 
presided  to  the  care  of  its  present  director-general,  Sir  B.  I.  Mui^ 
'chison. 

The  progress  of  the  Geological  Survey  has  been,  on  the  whole, 
from  the  south  and  west  of  England  towards  the  north  and  east,  or 
from  the  older  to  the  newer  formations.     The  first  maps  completed 
were  those  of  Cornwall  and  Devon ;  .  these  in  all  probability  will 
require  a  fresh  survey,  owing  to  the  advance  of  the  science  of  geology 
within  the  last  quarter  of  a  century,  and  the  greater  attention  to  minuiiiB 
which  has  been  introduced  into  the  works  of  the  survey,  as  evinced 
by  the  tracing  of  several  subdivisions  in  the  New  Bed  &uidstone  and 
Millstone  grit  formations  of  the  central  counties.     In  South  Wales  the 
Survey  had  the  advantage  of  the  labours  of  Sir  William  Logan,  now 
director  of  the  Geological  Survey  of  Canada,  who  had,  previous  to  the 
year  1840,  collected  a  vast  amount  of  information  relating  to  the 
South  Wales  coal-field,  which,  together  with  the  maps  and  sections 
he  had  constructed,  he  placed  at  the  disposal  of  the  director-general 
This  vast  tract  of  Carboniferous  rocks,  embracing  portions  of  several 
counties,  rising  into  lofty  table-lands,  and  penetrated  by  valleys  of 
unusual  depth,  is  one  of  the  marvels  of  our  country.     Having  an  area 
of  900  square  miles,  and  with  seams  of  coal  descending  to  depths  of 
several  thousand  feet,  there  can  be  no  doubt  regarding  the  almost 
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unbounded  resotirceB  of  its  mineralB,  which  well  deserve  all  the  labour 
that  may  be  required  for  their  elucidation.  Professor  Bamsaj,  in  his 
inaugural  address  at  the  School  of  Mines  in  1857,  states  that  after  the 
publication  of  the  maps  of  that  country,  landowners,  colliery  pro- 
prietors, coal  yiewers,  and  mining  engineers  all  acknowledged  their 
importance,  and  that  a  gentleman  well  versed  in  mining  and  scientific 
geology  observed  to  him,  "that  the  publication  of  the  Government 
maps  had  placed  them'*  (the  coUiery  proprietors  of  South  Wales) 
^*  thirty  years  in  advance  of  what  they  were  before." 

The  disentanglement  of  the  geological  intricacies  of  North  Wales 
was  a  work  requiring  a  more  than  ordinary  amount  of  skill  and  perse- 
Torance.  In  many  places  the  slaty  rocks  and  grits  are  repeatedly  broken 
by  feiults,  traversed  by  dykes  of  igneous  rocks,  or  metamorphosed  by 
enormous  protrusions  of  trap,  or  old  sub-marine  lava-flows.     To  trace 
out  on  the  small  one-inch  maps  of  the  Ordnance  Survey  each  particular 
dyke,  band  of  slate,  or  bed  of  limestone,  amongst  wild  tracts  of  moor- 
land or  precipitous  ranges  of  mountains,  with  few  objects  to  guide  the 
surveyor  in  determining  his  position,  and  often  obliged  to  carry  on 
bis  work  amidst  seething  mists  or  pitiless  storms,  at  other  times 
puzzled  to  determine  the  Yerj  nature  of  a  rock  in  regions  where  the 
charactera  and  aspects  of  the  formations  are  as  changeable  as  the 
colour  of  the  sky  overhead,  and  when  the  whole  structure  of  the  beds 
is  suddenly  disarranged  and  thrown  into  disorder  by  the  occurrence  of 
a  fftult  or  dyke,-— out  of  all  this  chaos  to  evoke  order  and  system, 
and  in  spite  olF  all  obstacles  to  produce  the  geological  maps  which  are 
now  in  the  hands  of  the  public, — was  a  work  which  we  venture  to  think 
has  never  yet  been  fully  appreciated  except  by  the  very  few  field- 
geologists  who  have  made  attempts  at  similar  undertakings.  It  cannot, 
however,  be  otherwise  than  gratifying  to  those  gentlemen  who  have 
been  engaged  in  the  survey  of  this  and  other  parts  of  the  kingdom,  to 
find  one  of  the  most  influential  newspapers  in  the  North  of  England 
recognizing  the  merits  of  the  survey  in  a  leading  article,  in  such 
language  as  the  following : — "  The  manner  in  which  this  geological 
picture  of  the  kingdom  has  been  executed,  commands  the  admiration 
of  all  competent  judges.    At  the  Paris  Exhibition  of  1855,  the  map, 
as  feur  as  it  was  tiien  completed,  was  admitted  by  the  geologists  and 
minora  from  all  parts  of  Europe  who  flocked  thither,  to  be  the  finest 
work  of  the  kind  yet  achieved,  and  elicited  general  praise  for  its  de- 
tailed truth  and  precision  in  the  delineation  of  those  dislocations  of 
the  crust  of  the  earth,  the  tracing  out  of  which  is  so  laborious,  and 
.  can  be  accomplished  only  by  men  of  profound  science."* 

The  survey  of  the  Midland  and  Western  counties  of  England  has 
been  completed,  embracing  several  of  the  most  important  coal-fields, 
and  those  tracts  of  the  newer  formations  under  which  the  coal  is  con- 
sidered to  be  hid,  and  which  may  be  regarded  as  reserves  of  mineral 
fuel  kept  in  store  for  the  use  of  future  generations.  It  is  hoped  that 
the  laboura  of  the  survey  will  throw  light  on  the  question  of  the  posi- 
tion and  depth  of  the  beds  of  coal  under  the  Triassic  and  Permian 

*  '  Manchester  Guardian,*  27th  July,  1864. 
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formations  over  considerable  areas.  Of  the  most  important  ooal-fieldg, 
those  already  completed  are  the  following : — ^orth  and  Sonth  Wales, 
Bristol  and  Somersetshire,  Forest  of  Dean,  Forest  of  Wyre,  CoaJSmM^ 
Dale,  North  and  South  Staffordshire,  South  Lancashire  (on  the  l-ineli 
and  6-inch  scales),  Warwickshire,  Leicestershire,  Derbyshire,  and  part 
of  Yorkshire.  Li  Scotland  the  coal-fields  of  the  Lothians  and  FifeG^ 
have  been  published  on  the  two  scales  above  mentioned ;  and  in 
Ireland  several  of  the  coal  tracts,  economically  of  small  unportanee, 
have  also  been  examined. 

The  importance  of  completing  the  survey  of  the  country  surround- 
ing the  metropolis  has  for  the  last  few  years  been  steadily  kept  in 
view,  so  that  the  ''London  basin"  has  been  completely  enclosed, 
together  with  the  rich  district  of  the  Weald  of  Kent  to  the  south  of  it 
As  the  Chalk  and  Greensand  formations  may  be  regarded  as  reservoiis 
of  water,  which  are  even  now  very  largely  drawn  upon  by  the  Artesian 
wells  of  the  city,  the  accurate  delineation  of  the  extent  of  these  watei^ 
bearing  formations  possesses  more  than  a  mere  scientific  interest. 

Having  completed  that  part  of  England  which  may  be  described 
as  lying  to  the  west  of  the  line  of  the  Great  Northern  Railway,  and 
south  of  the  valley  of  the  Thames,  the  course  of  the  survey  would, 
under  ordinary  circumstances,  have  extended  into  the  purest  agricul- 
tural district  of  the  Eastern  counties.      Here  the  geological  map6 
could  have  possessed  little  or  no  economic  value.     This  being  so,  it 
has  been  represented  very  forcibly  to  the  director-general  (as  we  learn 
from  the  report  for  1863)  that  there  would  be  greater  practical  utihty 
in  employing  the  staff  of  surveyors  on  the  remaining  Northern  countiec^ 
80  rich  in  their  stores  of  coal,  iron,  and  other  minerals  of  the  Paheo- 
zoic  age,  while  the  Eastern  counties,  formed  of  drift-covered  strata  of 
the  Secondary  and  Tertiary  periods,  might  be  allowed  to  wait  till  after 
the  completion  of  the  former.     Sir  Boderick  Murchison  states  that  he 
has  recognized  the  force  of  these  representations,  so  that  we  may  expect 
the  six  Northern  coimties,  with  their  important  coal-fields,  will  in  the 
course  of  a  few  years  be  geologically  portrayed  on  the  Ordnance  maps. 

An  important  branch  of  the  Geological  Survey  is  the  preparation 
of  vertical  and  horizontal  sections;    the  former  for  the  purpose  of 
showing  in  columns,  on  a  scale  of  40  feet  to  an  inch,  the  vertical 
succession  of  the  strata ;  the  latter  to  illustrate  the  geological  structure 
of  a  particular  line  of  country,  down  to  a  natural  scale  of  6  inches  to 
a  mile,  and  with  a  datum  of  the  sea-level,  or  a  thousand  feet  below.    The 
horizontal  sections  are  all  actually  levelled,  and  represent  in  outline 
the  natural  features  of  the  country ;  not  the  distorted  undulations  of 
a  railway  section.     Li  these  sections  the  outcrops  of  the  coal-seams, 
the  boundaries  of  the  formations,  and  the  faults  are  shown  in  their 
true  places  as  fieu!  as  can  be  determined,  and  thus  we  obtain  a  repre- 
sentation of  the  interior  of  the  earth  as  it  would  appear  if  laid  open 
along  this  Une  down  to  the  level  of  the  sea,  or  lower.     In  Wales  and 
other  districts,  the  sections  have  been  carried  across  the   highest 
mountains,  and  give  a  faithful  outline  of  the  surface  along  ded&nite 
tracts  of  country  or  across  precipitous  descents,  where  the  most  adven- 
turous dimber  seldom  dares  to  tread. 
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Tlie  umttediate  direction  of  the  field-work  of  the  British  survey  is 
in  the  hands  of  Professor  Ramsay,  F.B.S.,  to  whose  close  attention  to 
accuracy  of  detail,  combined  with  a  profound  acquaintance  with 
physical  geology,  the  trustworthy  character  of  the  maps  and  sections  is 
greatly  due.  The  Irish  survey,  under  the  able  management  of  Mr. 
Jukes,  F.B.S.,  is  also  making  rapid  progress.  During  the  past  year 
1,453  square  miles  were  surveyed  in  Great  Britain,  and  818  square 
miles  in  Ireland,  portions  of  these  being  re-surveys  of  the  supeiicial 
drift  accumulations. 

Complaints  have  sometimes  been  made,  and  with  some  show  of 
justice,  of  the  slow  progress  of  the  British  surveys.  This  has  been 
mainly  owing  to  two  causes.  In  the  first  place,  for  several  years  after 
the  survey  had  been  set  on  foot,  under  Sir  H.  De  la  Beche,  a  very 
small  number  of  surveyors,  not  exceeding  half-a-dozen,  was  allowed 
by  the  Government  to  be  employed  at  one  time.  In  the  course  of 
time  the  staff  was  gradually  increased,  and  this  source  of  delay  may 
now  be  said  to  have  been  surmounted.  The  second  cause  is  still  in 
existence,  namely,  the  low  scale  of  remuneration  granted  by  Govern- 
ment to  the  surveyors.  We  have  no  hesitation  in  saying  this  is  short- 
sighted policy,  and  will  eventually  result  in  a  larger  outlay  of  the 
public  funds.  The  result,  as  proved  in  many  cases,  is  that  the  young 
surveyor,  as  soon  as  he  has  passed  through  a  couple  of  years  or  so  of 
training  in  the  field,  which  is  in  every  case  necessary,  and  is  ready  to 
commence  operations  on  his  own  resources,  is  tempted  to  accept  the 
first  offer  of  a  surveyorship  in  the  colonies,  or  any  other  opening  that 
presents  the  prospects  of  a  competency.  Thus  the  public  lose  the 
benefit  of  his  services  soon  after  he  has  become  capable  of  rendering 
them.  Under  the  present  scale  of  remuneration  this  branch  of  the 
public  service  (in  common  with  another  connected  with  the  same 
department  of  the  state,  namely,  the  '^  Science  Teacher  ")  can  only  be 
regarded  as  a  stepping-stone  to  some  more  substantial  source  of  liveli- 
hood, as  it  is  scarcely  possible  the  Surveyor  can  save  out  of  his  income, 
or  that  his  physical  strength  will  withstand  the  wear  and  tear  to  which 
he  is  exposed  till  the  age  at  which  he  is  entitled  to  retire  on  a  pension. 


VL    MICROSCOPY. 


Thb  history  of  embryological  science  dates  from  the  invention  of  the 
microscope,  and  has  advanced  pari  passu  with  the  improvements  of 
that  instrument  and  the  facilities  afforded  to  microscopical  observers. 
Dr.  0.  Robin  has  lately  directed  his  attention  to  the  development  of 
the  spinal  column  from  its  earliest  stages  with  some  important  results. 
He  has  succeeded  in  showing  that  the  atlas  and  axis  vertebrsB  offer  this 
peculiarity,  that  the  first  constitutes  a  vertebral  ring  without  a  body, 
whilst  the  second  has  two  vertebral  bodies  united  in  one.  The  odon- 
toid apophysis,  in  fact,  is  nothing  more  nor  less  than  the  body  of  the 
atlas,  wluch  during  the  processes  of  development  becomes  thus  sepa- 
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rated  from  its  proper  connection,  and  gives  rise  to  that  wonderfbl  pieee 
of  mechanism  met  with  in  the  cervical  region  of  the  mammalian  ekss. 
When  the  mammalian  embryo  is  from  four  to  six  noUimetres  in  leoglli^ 
the  observations  are  commenced.  The  guinea-pig,  rabbit,  rat,  dog, 
sheep,  pig,  cow,  and  human  fcetns  have  all  been  submitted  to  eli- 
mination by  the  author.  At  the  early  period  when  the  embryo  liai 
this  size,  the  cartilages  of  the  first  three  or  four  thoracic  vertebrae  n^ 
be  observed  situated  near  the  middle  of  the  notochord.  They  incretse 
rapidly  in  number,  both  in  the  anterior  and  posterior  directions^  untfl 
the  number  of  twenty-four  is  attained ;  the  sacral  and  coocygean  bodies 
appear  later.  The  vertebral  bodies  are  separated  from  one  another  bj 
regular  spaces  or  intervals,  traversed  by  tiie  notochord.  This,  after  a 
time,  dilates  in  these  interposed  spaces  and  becomes  fdsifonn,  afia- 
wards  becoming  flaccid  and  surrounded  by  a  viscid  fluid,  thns  givii^ 
rise  to  the  intervertebral  tissue.  Although  the  vertebral  cartilages  ai« 
the  first  to  appear  in  the  body,  yet  the  cartilage  of  the  axis  does  not 
appear  in  the  guinea-pig  until  it  has  attained  a  length  of  eleven  milli- 
metres. This  cartilage  originates  in  two  distinct  pieces,  the  anterior 
of  which  evidently  belongs  to  the  atlas.  They  unite  to  fonn  the  wu^e 
body  of  the  axis  vertebra  before  ossification  has  commenced  and  whilst 
yet  in  a  purely-cartilaginous  condition.  In  the  human  foetus  the  nnison 
takes  place  when  the  length  is  about  fourteen  millimetres.  The  osa- 
fication  of  the  two  vertebrsB  and  the  anomalies  observed  in  varioTis 
species  of  Mammalia  are  treated  of  at  some  length  by  M.  Hobin.  Bis 
decision  as  to  the  nature  of  odontoid  process  is  beyond  contro- 
versy, and  has  established  a  fact  for  many  years  denied  by  some 
physiologista 

M.  Pouchet  has  lately  published  some  observations  connected  witb 
spontaneous  fission  in  Infusoria.  He  considers  this  a  much  rarer 
phenomenon  than  is  usually  affirmed ;  and  with  regard  to  the  VarH- 
ceUcB,  states  that  during  twenty  years'  observation  he  has  failed  to 
detect  a  single  instance  of  fissiparity  in  these  animalcules.  A  mon- 
strosity with  two  bells  on  a  single  stalk  has  been  often  mistaken  for 
the  commencement  of  fission ;  whilst  it  frequently  occurs  that  a  free 
vorticellid  attaches  itself  to  the  bell- shaped  body  of  a  fixed  individual, 
and  is  another  source  of  error. 

MiElias  Mecznikow  has  described,  in  Du  Bois-Baymond's  'Archiv.,' 
a  new  form  of  the  genus  Sphcerophrya,  the  connection  of  this  acineti- 
form  animalcule  with  the  Paramaacia  being  illustrated  by  a  series  of 
very  beautiful  drawings. 

Professor  Gulliver  continues  his  interesting  researches  on  Baphidea 
Should  he  be  enabled  to  extend  his  researches  sufficiently,  a  very  im- 
portant test  would  be  affi^rded  to  the  analytical  microscopist,  as  regards 
the  adulteration  of  vegetable  articles  of  commerce. 

M.  N.  Lieberkuhn  has  published  some  interesting  observations  on 
the  changes  occurring  in  Sponges  after  death.  It  appears  that  in^the 
species  he  observed,  the  whole  sponge  does  not  die,  but  parts  fall  away 
and  decay ;  other  portions  emit  prolongations,  which  become  detached 
and  remain  at  the  bottom  of  the  vessel  in  which  they  are  kepi  When 
observed  under  the  microscope,  they  are  seen  to  be  provided  with 
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vibratile  cilia,  and  contain  siliceous  spicules ;  some  portions  emit  pro- 
cesses similar  to  those  of  Actinophrys,  others  become  encysted.  From 
the  cysts  from  four  to  five  monads  emerge,  provided  with  a  single 
whip,  and  capable  of  swimming  or  performing  amoebiform  movements. 
Similar  monaiis  have  been  observed  in  the  eggs  of  other  low  forms  of 
invertebrates. 

Eesearches  conducted  with  the  aid  of  the  microscope  will  doubt- 
less explain  many  strange  phenomena,  and  place  many  &cts  within  our 
comprehension  which,  before,  were  veiled  in  mystery.  The  discovely 
(if  fatty  degeneration  of  the  heart  and  liver  has  accounted  for  sudden 
deaths,  which  are  of  frequent  occurrence,  and  where  no  diseased 
condition  of  body  is  perceptible  to  the  unassisted  eye.  It  appears, 
however,  from  the  researches  of  M.  Tigri,  recently  published  in  the 
*  Comptes  Bendus,'  that  this  disease  extends  to  the  blocd  itself.  A 
fskity  substance  has  been  found  to  accumulate  in  the  red  blood-cor- 
puj9cle8  which  materially  influences  the  circulation,  and  in  the  opinion 
of  the  author  frequently  produces  death. 

Dr.  T.  F.  Weisse,  of  St.  Petersburg,  gives  a  detailed  accoimt  of 
the  development  of  the  eggs  of  Flosculana  omata,  in  the  last  number 
of  Kolliker's  *  Zeitschrift.*  Whilst  the  author  was  engaged  in  investi- 
gating the  eggs  of  the  Eotifera,  he  discovered  a  beautiful  example  of 
Floscularia  omcUa  in  his  aquarium,  which  had  already  deposited  four 
ova ;  a  fifth  was  afterwards  expelled  from  the  animal  under  obser- 
vation by  forcible  contraction  of  the  body.  The  germinal  vesicle  was 
still  observable  in  this  last  ovum.  No  remarkable  change  took  plac6 
in  the  ova  for  two  days,  until  in  one  a  bright  red  spot  was  observed, 
and  on  the  following  day  two  distinct  eyes,  which  moved  with  the 
already-visible  embryo ;  other  changes  were  observed  in  the  course  of 
the  day ;  ciliary  motion  appeared  near  one  end  of  the  embryo,  and  the 
pharynx  exhibited  movements  at  times.  At  Ute  end  of  five  days,  the 
ovum  was  ruptured  and  the  little  animal  issued  from  its  shell,  usJng  a 
worm- like  movement  and  showing  clearly  the  circle  of  cilia  at  its 
anterior  extremity.  A  figure  is  given  of  the  embryo  at  this  period, 
when  it  bears  not  the  least  resemblance  to  the  parent,  and  would  easily 
be  considered  as  a  distinct  species  of  animal.  The  development  appeal's 
to  take  a  considerably  longer  period  than  was  generally  supposed  to 
obtain  among  the  Botifera.  M.  Weisse  believes  seven  days  to  be  the 
period  passed  by  this  species  in  the  ovum  after  emission  from  the 
parent's  body. 

The  application  of  photography  to  the  delineation  of  objects  be- 
neath the  microscope  does  not  advance  in  that  rapid  manner,  or  receive 
the  amount  of  attention,  which  is  to  be  desired.  There  can  be  no 
surer  -method  of  settling  many  disputed  points  of  structural  anatomy 
than  the  circulation  of  well-executed  photographs  of  the  objects  under 
discussion.  M.  Duchenne,  of  Boulogne,  has  succeeded  in  obtaining 
some  very  accurate  photographs  of  the  microscopic  appearances  of  the 
spinal  chord  of  the  human  subject.  The  magnifying  power  used  in 
obtaining  these  photographs  was  from  200  to  1,000  diameters. 

Dr.  Clark,  of  Harvard  University,  has  described  the  eggs  of  IWm- 
Zana,  in  '  Silliman's  Journal,'  vol.  xxxvii.     His  observations  have  led 
VOL.  I.  3  a 
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to  some  very  interesting  resoltB.  The  eggs  of  TubtHaria  h&ve  Mtheito 
escaped  the  attention  of  naturalists.  Dr.  Clark  accounts  for  this  hj 
the  extreme  minuteness  of  the  oya,  which  he  was  unable  to  detect  widt 
a  power  less  than  the  |-inch. 


Vn.  MINING,  MINEBALOGY,  AND  METALLUBGY. 

Mining. 

Fob  some  years  past  there  have  issued  from  the  *  Mining  Hecord  Office,* 
one  of  the  Departments  connected  with  the  Museum  of  I^ractical 
Geology,  very  complete  returns  of  the  value  of  our  mineral  produc- 
tions. From  these  '^  mineral  statistics"  we  learn  the  total  value  of 
our  mineral  produce  in  1863  to  have  been  29,151,976Z.,  which,  when 
brought  into  the  metallic  state,  at  the  actual  cost  of  manufacture,  was 
increased  to  36,364,327Z.*  The  more  important  minerals  were  the 
following : — 

Value  at 
Tons.  pboe  of  production. 

Coal         .        .        .    86,292.215  £20,572,945 

Iron  ore 

TiD 

210,947  1,100,554 

91,283  1,193.530 


CJopper 
Leaa 


The  quantities  and  values  of  the  metals  obtained  from  these 
being : — 

Tong.  Value. 

Iron,  Pig                  .      4,510,040  £11.275,100 

Tin          .        .        .           10,006  1,170,702 

Copper    .        ,                   14,247  1,409,608 

Lead        .        .        .           68,220  1.418.985 
Silver  obtained  from 

the  lead       .     ounces  634.004  174.351 

In  addition  to  the  above,  returns  are  given  of  zinc,  sulphur  ores, 
wolfram,  arsenic,  and  other  minerals,  showing  in  detail,  the  actual 
value  of  every  mining  district  in  the  United  Eongdom. 

By  the  issue  of  these  annual  statistics,  and  by  preserving  records 
of  all  our  subterranean  operations,  the  Mining  Bbcobd  Office  is 
rendering  important  service  to  all  our  miners  and  manufacturers. 

The  production  of  gold  from  the  quartz  lodes  of  the  Cambrian 
mountains  shows  a  considerable  falling  off  during  1863,  the  total  pro- 
duce for  the  year  being  552  oz.  12  dwts.  and  19  gr.  only.  The  pros- 
pects, this  year,  are  however  much  more  promising.  The  following 
is  a  return  made  on  the  13th  August:  —  At  CasteU  Cam  Dochan 
5  oz.  and  12  dwts.  of  gold  were  obtained  from  20  cwt.  of  quartz  from 
the  lode  and  alluvial  matter ;  this  makes  a  total  of  about  50  ounces 
obtained  from  that  mine  during  this  year.    At  the  Welsh  gold  mine  it 

♦  •  Mineral  Statistics  of  the  United  Kingdom  of  Great  Britain  and  Ireland '  for 
the  year  1863,  with  an  Appendix.  By  Robert  Hunt.  F.R.S.  Published  by  order 
of  the  Lords  CommissionerB  of  Her  Majesty's  Treasury. 
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is  said  that  66  ounces  of  gold  were  obtained  from  44  cwt.  of  quartz  ; 
and  about  two  cubic  yards  gave  7  lbs.  of  gold.  At  the  Prince  of 
Wales  a  new  discovery  is  stated  to  have  been  made ;  and  at  the  old 
Ologau  copper  mine  the  quartz  yields  about  1  oz.  of  gold  to  the  ton.* 
The  reports  of  the  Government  Inspectors  of  Collieries  for  1863 
have  been  published.  They  are  satisfactory  as  compared  with  the 
previous  year,  which  was  unusually  disastrous,  and  also  as  compared 
with  1861.  The  following  tabulated  summary  of  the  deaths  of  colliers 
will  place  the  number  and  character  of  the  accidents  at  once  before 
the  reader : — 

1862.  1863. 

Explosions  of  fire-damp       .        .        .    100  163 

Falls  of  roof  and  coal,  &c.   .  .422  407 

In  shafts 137  147 

Miscellaneous  accidents  nnder-ground 

andatsor&ce  ....    384  190 

This  last  return — ^for  1862 — ^includes  the  number  sacrificed  by  the 
Hartley  casualty,  by  which  204  men  were  lost.  The  total  deaths  in 
collieries  in  1862  was  1,133,  the  deaths  in  1863  being  907,  or  226  less. 

It  is  admitted,  on  all  sides,  that  the  only  method  promising  to 
improve  permanently  the  condition  of  our  mining  population,  and  by 
improving  the  miner  to  lessen  the  number  of  accidents  in  working 
our  mines  and  collieries,  is  to  be  sought  in  an  improved  education, 
Miners  at  present,  for  the  most  part,  are  entirely  uninstructed  in  any 
of  the  principles  involved  in  their  labours.  They  are  expected  to  use 
the  precautions  which  science  tells  us  should  be  employed,  and  yet  we 
make  no  effort  to  teach  them  what  those  precautions  are,  or  on  what 
principles  they  depend.  A  safety  lamp  is  placed  in  the  hands  of  a 
collier  without  his  knowing  one  of  the  conditions  which  makes  it  a 
safety  lamp.  Yet  the  moment  an  ignorant  man  tampers  with  the  wire 
gauze  he  is  punished.  Surely  this  is  not  consistent  with  reason  or 
justice.  It  is  to  be  regretted  that  one  of  the  most  promising  experiments 
towards  educating  tibe  working  miner  is  abandoned.  The  Glasgow 
School  of  Mines  is  shut  up,  subscriptions  from  the  coal  and  iron 
masters  of  that  wealthy  district  having  entirely  failed.  We  fear  the 
British  Mining  School  cannot  be  long  continued;  and  the  Miners' 
Association  of  Cornwall  and  Devonshire  does  not  appear  to  be  in  a 
healthful  state.  Surely,  in  a  country  producing  minerals  to  the  value 
of  nearly  thirty  millions  sterling,  there  should  be  found  establishments 
in  which  so  much  of  science  as  can  be  directly  applied  by  the  miner 
with  advantage  to  his  labours,  might  be  obtained  at  small  cost,  and 
with  but  little  sacrifice  of  time.  The  Eoyal  School  of  Mines,  as  a 
central  establishment,  is  all  that  can  be  desired  ;  but  local  schools  in 
connection  with  it  should  be  at  once  established. 

The  application  of  machines  to  the  cutting  of  coal  appears  to  be 
becoming  general.  Several  new  patents  have  been  obtained.  One  by 
Mr.  Harrison,  of  Tudhoe  Iron  Works,  is  well  spoken  of,  but  we  have 

♦  'Mining  Jouniai/  August  13, 1864. 
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not  yet  been  made  acquainted  with  any  practical  results  wliich  win 
admit  of  our  comparing  it  with  those  which  we  have  already  described 
Much  attention  has  recently  been  given  to  mining-powder,  with 
a  view  to  increase  its  disruptive  power,  and  produce  it  at  a  cheaper  rate. 
M.  Nobel  states  that  by  damping  mining  powder  with  nitrogljcerine  its 
explosive  power  is  trebled,  and  the  noise  of  the  explosion  mach  less 
than  when  ordinary  powder  is  used.  One  firm  is  making  blasting- 
powder  with  nitrate  of  soda  instead  of  nitrate  of  potash,  by  which  the 
cost  is  reduced  one-third,  but  this  powder  has  the  objection  of  a  ten- 
dency to  deliquescence  unless  it  is  very  carefully  kept.  In  another 
powder,  the  spent  tan  of  the  tanners'  yards  is  substituted  for  charooal, 
and  an  increased  activity  given  to  the  composition  by  the  addition  cf 
a  little  chlorate  of  potassium.  This  explosive  powder  is  said  to  have 
a  considerable  amount  of  disruptive  power ;  in  price  it  stands  about 
equal  to  that  manufactured  with  nitrate  of  soda. 

A  composition  for  mining  purposes  is  now  being  subjected  to 
experimental  trial  in  some  of  the  mines  near  Tavistock,  in  Devonshire. 
The  peculiarity  of  this  is,  that  the  materials  which  constitute  it  are 
kept  apart,  or  at  least  in  two  parcels,  neither  of  which  are  in  them- 
selves explosive.  They  become  so,  however,  on  being  mixed  in  certain 
defined  proportions,  which  is  not  done  imtil  the  moment  of  its  being 
placed  in  the  holes.  The  actual  composition  of  this  explosive  agent  is 
not  stated,  but  it  must  of  necessity  consist  of  carbonaceous  matter  in 
one  parcel,  and  of  some  agent  which  rapidly  developes  oxygen — as 
nitre  or  chlorate  of  potassium  —  in  the  other.  At  the  reqnest  of 
Lord  Einnaird,  the  chairman  of  the  Mines  Commission,  a  series  of 
experiments  has  been  made  in  Dolcoath  and  some  other  mines  with 
gun-cotton,  as  manufactured  by  the  Austrian  process.  The  results 
were  satisfactory  as  regarded  its  explosive  power  and  the  absence  of 
visible  smoke.  Dr.  Angus  Smith  and  Dr.  Bemays  are  engaged  in  the 
analysis  of  the  air  collected  in  the  mines  before  and  after  the  explo- 
sions. The  report  of  the  Commission  will  contain  these  analyses,  and 
much  special  information  on  the  use  of  gun-cotton  in  mines.  Mr.  John 
Scott  Bussell's  paper  on  "  Gun-cotton,"  in  the  last  number  of  '  The 
Journal  of  Science,'  contains  all  the  most  recent  information  on  this 
explosive  compound. 

MiNBBALOOT. 

W.  C.  Bischoff*  has  shown  that  the  basic  silicates  of  alumina  are 
more  refractory  than  the  acid  silicates.  Alumina  artificially  obtained 
and  chemically  pure,  is  less  refractory  than  chemically  pure  silica ; 
but  natural  alumina  is  more  refractory  than  natural  silica  as  found  in 
quartz  rock-crystal  and  amethyst.  Herr  Bischoff  has  also  discovered 
that  the  mineral  pyrolusite  may  probably  be  found  to  be  a  new  source 
of  the  rare  metal  thallium,  a  specimen  in  his  collection  giving  1  per 
cent,  of  this  new  element. 

H.  Haidinger  has  communicatedf  to  the  Academic  Imperiale  das 

♦  •  Journal  d'Erdniann  et  Werther.*    •  Annales  de  Ghimle.* 
t  •  Ann.  der  Chem.  and  Fbarm/  vol.  cxxix.  p.  375. 
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Scienoes  de  Yieime  his  continued  researdies  on  "  Metallic  Irons  which 
are  probably  non-Meteoric."  This  examination  is  of  the  utmost 
importance,  as  tending  to  the  settlement  of  a  vexed  question.  We 
have  no  doubt  but  many  of  the  masses  of  '*  meteoric  iron  "  so  called, 
to  which  attention  has  been  directed,  will  be  found  to  be  of  terrestrial 
origin.  We  reserve,  until  the  inquiry  is  yet  further  advanced,  any 
extended  notice  of  these  investigations.  It  is  sufficient  to  state,  at 
present,  that  MM.  Haidinger  and  Homes  consider  that  they  have 
proofs  that  many  of  the  specimens  in  the  Imperial  Museum  of  Vienna 
are  not  of  meteoric  origin.  There  can  be  no  doubt  but  that  many  of 
the  masses  of  iron  reputed  to  be  meteoric  are  so  in  reality ;  indeed, 
we  appear  to  possess  good  evidence  of  the  actual  observation  of  their 
fall.  It  is,  however,  a  question  deserving  serious  inquiry,  whether 
every  mass  of  native  iron  containing  manganese,  cobalt,  and  nickel  is 
of  atmospheric  origin. 

M.  Cloez  and  M.  Pisani  Lowe  both  instituted  a  very  careful 
analysis  of  the  aerolithe  of  Orgueil.  In  many  respects  this  meteoric 
stone  is  found  to  resemble  the  mineral  Serpentine,  analysis  giving  the 
following  constitution: — Silica  26*08,  magnesia  17*00,  protoxide  of 
iron  21*60,  lime  1*85,  soda  2*26.  potash  0*19,  oxide  of  manganese  0*86, 
alumina  0*90,  chromate  of  iron  6-49,  oxide  of  nickel  (with  cobalt)  2*26, 
sulphuric  acid  1*54,  hyposulphuric  acid  0*53,  chlorine  0*08,  sulphur 
5*75.* 

In  connection  with  the  inquiry  on  meteoric  stones,  M.  Haidinger 
and  others  have  investigated  idl  the  conditions  under  which  graphite 
occurs  in  nature.     ^ 

A  report  has  been  published,f  from  which  we  make  a  few  extracts : — 

'*  One  word  on  the  formation,  still  so  little  known,  of  graphite  (plum- 
bago, pencil  lead).  The  presence  of  graphite  iu  granite,  gneiss,  and 
diorite  has  renewed  the  disputes  between  the  Neptunists  and  Plutonists. 
Graphite  is  well  known  to  be  nearly  pure  carbon,  for  it  leaves  in  burning 
but  a  very  small  quantity  of  ash.  Now,  if  these  primitive  crystalline 
rocks  are  of  igneous  formation,  it  is  impossible  to  explain  how  graphite 
could  co-exist  with  silicates  of  protoxide  of  iron  without  having  reduced 
these  salts.  Judging  merely  by  what  takes  place  in  blast  furnaces,  carbon 
reduces  all  oxides  of  iron  at  a  mgh  temperature.*  It  must  then  be  admitted 
that  granite,  gneiss,  and  diorite  did  not  contain  graphite  when  the  mineral 
elements  of  these  rocks,  such  as  mica,  hornblende,  and  other  ferrous  ^- 
cates,  were  in  a  state  of  fusion.  Graphite  then  must  have  been  subse- 
quently introduced  into  these  rocks,  but  when,  and  how  ?  Questions  such 
as  these  are  very  difficult  to  answer  satisfactorily.  The  most  plausible 
hypothesis  is  that  graphite  has  been  introduced  by  the  wet  way  into  the 
crystalline  rocks  ana  substituted  for  one  of  the  mineral  components.  Thus 
in  the  gneiss  of  Nassau  (Bavaria)  it  takes  the  place  of  mica. 

"  Graphite  is  frequently  to  be  met  with  in  granulated  limestone,  a  fact 
particularly  interesting  to  geologists.  Is  limestone  a  product  of  eruption, 
or  is  it  a  sediment  transformed  by  the  action  of  heat  ?  The  presence  of 
graphite  is  explicable  by  neither  hypothesis.  For  at  a  certain  tempera- 
ture, which  need  not  be  very  high,  carbon  decomposes  carbonate  of  lime. 

♦  •  L'Institut,'  August  10, 1864. 

t  See  'Cosmos/  pp.  720,725, 1864,  and  *The  Chemical  News,'  August 6, 1864. 
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This  salt  may,  no  doubt,  under  strong  preosore  be  heated  to  the  meltiiig 
point  without  losing  its  carbonic  acid ;  this  is  a  laboratory  experimeoft 
often  cited  by  the  Plutonists ;  but  it  is  quite  a  different  thing  with  a  mix- 
ture of  carbon  and  carbonate  of  lime  at  a  high  temperature.     If  we  reje^ 
the  Neptunian  origin  of  granulated  limestone,  we  must  then,  as  ivith  crys^ 
talline  ixxsks,  suppose  that  graphite  has  been  introduced  by  the  wet  way 
at  a  more  recent  period.    The  same  remark  applies  to  magnetic  pyrites 
(sulphide  of  iron)  often  very  rich  in  plumbago  kerns.    Does  graphite,  like 
all  carbon,  belong  to  the  organic  kingdom  ?    It  is  certain  that  anthracite, 
lignite,  coal,  are  the  result  of  the  slow  decomposition  of  an  enorxnooa 
quantity  of  vegetables.     The  impressions  found  on  them  often  indicste 
the  kind  of  vegetables,  most  of  them  extinct,  which  have  contributed  to 
these  carbonaceous  formations.    Graphite,  if  not  formed  in  precisely  ihs 
same  way  as  coal  and  anthracite,  nevertheless  bears  signs  of  an  oxganic 
origin.    The  formation  of  nuclei  and  veins  of  graphite  in  crystalline  rcx^ 
is  sufi&ciently  explained  by  the  decomposition  of  carbonized  hydrogen  gas 
at  a  high  temperature;  this  gas,  disengaged  from  organic  matters,  and 
penetrating  the  fissures  of  the  burning  rock,  would  undeigo  deoompoaitioii 
into  hydrogen  and  carbon. 

'Mt  is  this  deposited  carbon  which  forms  graphite.  If  in  our  labora- 
tories we  do  not  obtain  exactly  the  same  product,  it  must  be  i*emembered 
that  nature  has  means  at  her  command  wnich  escape  our  researches.  We 
find  it  impossible  to  make  coal  from  wood.  The  wood  may  be  carbonized 
by  the  dry  or  by  the  wet  way.  In  the  first  case  the  carbonization  is  very 
rapid ;  in  the  latter  it  is  extremely  slow,  as  is  shown  by  the  blackened 
points  of  piling  sunk  in  water.  Finally,  graphite  has  been  found  in  me- 
teorites or  aerolites.  Attempts  have  been  made  to  explain  its  presence 
here  by  the  continuance  of  these  stones  in  soil  more  or  less  rich  in  car- 
bonized principles.  But  with  regard  to  newly-fallen^fitones,  this  explana- 
tion is  inadmissible.  If  it  be  maintained  that  graphite  is  an  organic 
product,  it  must  be  admitted  that  in  the  case  of  newly-fallen  meteorites 
it  can  proceed  only  from  organic  matters  belonging  to  another  world 
than  our  own." 

A  very  interesting  account  of  the  mode  of  occnirenoe  of  the 
emeralds  of  Salsburg  has  been  lately  communicated  to  the  Imperial 
Institute  of  Greology  at  Vienna,  by  M.  Lipoid.     These  emeraLds  are 
found  in  the  valley  of  Habach,  in  ^e  district  of  Haut-PinzgatL     The 
locality  in  which  they  are  discovered  is  2,212  metres  (of  rather  more 
than  39  inches)  above  the  level  of  the  Adriatic-     These  emeralds  are 
cemented  in  a  mica  schist  which  is  regularly  bedded  in  the  great  system 
of  the  crystalline  schists  of  the  central  Alps,  passing  on  one  side  into 
a  talcose  schist,  and  on  the  other  to  a  very  fine  grained  gneiss,  ridi  in 
mica.     In  each  of  those  the  emeralds  are  found  inclosed.     The  bed  of 
emeralds  has  been  opened  upon  for  the  length  of  227  metres,  with  a 
thickness  of  from  2  to  4  metres.   These  emeralds  have  usually  the  form 
of  prisms  with  six  faces,  and  are  either  of  a  deep  dark-green,  or  of  an 
apple-green  colour.    Stones  of  a  fine  green  colour  and  free  from  flaws 
are  rare.    The  largest  which  have  yet  been  found  have  been  about  13 
centimetres  (the  English  inch  is  about  2]^  centimetres)  id  thickness 
and  52  centimetres  in  length. 

M.  Henri  Ste.  Claire  Deville  communicated  to  the  Academie  des 
Sciences  a  note  from  M.  Woehler,  in  which  he  relates  some  ezpenments 
which  appear  to  show  that  M.  Lewy  was  not  quite  correct  in  stating 
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I  that  the  colour  of  the  emerald  was  due  to  organic  matter.    M.  Lewy 

!  Tvas  led  to  believe  that  this  was  the  case,  as  the  gem  appeared  to  lose 

'  colour  on  the  application  of  heat.     M.  Woehler  does  not  find  this  to 

be  the  case ;  and  he  imparts  a  similar  colour  to  glass  by  the  nse  of 

chromic  oxide,  from  which  he  concludes  that  this  is  the  colouring 

agent,  though  he  does  not  deny  the  presence  of  some  organic  matter.* 

i  Mr.  H.  C.  Sorby,  F.E.S.,  who  has  associated  his  name  with  the 

xaicroscopic  examination  of  rocks,  has  communicated  to  the  Boyal 

Society  a  continuation  of  his  inquiry  as  directed  to  the  structure  of 

meteorites-l    Mr.  Sorby  says : — 

"  In  the  first  place  it  is  important  to  remark,  that  the  olivine  of  me- 
teorites contains  most  excellent  *  glas»-cavities,'  similar  to  those  in  the  oli- 
vine of  lavas,  thus  proving  that  the  material  was  at^one  time  in  a  state  of 
'  igneous  fusion.  The  olivine  also  contains*  gas-cavities 'like  those  so  common 

^  in  volcanic  minerals,  thus  indicating  the  presence  of  some  gas  or  vapour." 

f  ...  ''Some  isolated  portions  of  meteorite  have  also  a  structure  very 

similar  to  that  of  stony  lavas,  where  the  shape  and  mutual  relations  of  the 
crystals  to  each  other  prove  that  they  were  formed  in  situ  on  solidifica- 
t  tion."  ..."  In  others  the  constituent  fragments  have  all  the  characters 

t  of  broken  fragments.  This  sometimes  gives  rise  to  a  structure  remarkably 

t  like  that  of  consolidated  volcanic  ashes,  so  much,  indeed,  that  I  have 

^  specimens  which,  at  first  sight,  might  readily  be  mistaken  for  sections  of 

I  meteorites.    It  would  therefore  appear  that,  after  the  materials  of  the 

:  meteorites  are  melted,  a  consideraole  portion  was  broken  up  into  small 

(  fragments,  subsequently  collected  together,  and  more  or  less  consolidated 

!  by  mechanical  and  chemical  actions,  amongst  which  must  be  classed  a 

e  segregation  of  iron,  either  in  the  metallic  state  or  in  combination  with 

L  other  substances.    Apparently  this  breaking  up  occurred  in  some  cases 

I  when  the  melted  matter  had  become  crystiSline,  but  in  others  the  forms 

\  of  the  particles  lead  me  to  conclude  that  it  was  broken  up  into  detached 

globules  whUe  still  melted.  This  seems  to  haye  been  the  origin  of  some 
of  the  round  grains  met  with  in  meteorites ;  for  they  occasionally  still 
contain  a  considerable  amount  of  glass,  and  the  crystals  which  have  been 
formed  in  it  are  arranged  in  groups  radiating  from  one  or  more  points  on 
the  external  surface,  in  such  a  manner  as  to  indicate  that  thev  were  de- 
veloped after  the  fragments  had  acquired  their  present  spheroidal  shape." 
.  .  .  ''There  are  thus  certain  pecuHarities  in  physical  structure  wnich 
connect  meteorites  with  volcanic  rocks,  ai^d  at  the  same  time  others  in 
which  they  differ  most  characteristicaUy." 

Mr.  Sorby  promises,  a  continuation  of  this  interesting  subject.    ' 
A  correspondent  of  i  Les  Mondes,' J  from  Palermo,  reports  the  dis- 
covery, near  Nicosia,  in  the  province  of  Catania,  of  a  quicksilver 
mine.     The  mineral  is  said  to  exist  in  great  abundance. 

At  a  recent  meeting  of  the  Academic  des  Sciences  de  Paris,  M. 
Ste.  Claire  Deville  presented  an  analysis  made  by  M.  Damour  of  a 
new  and  very  rare  mineral,  to  which  they  have  given  the  name  of 
Farysite,  This  mineral  contains  3  equivalents  of  carbonic  acid,  2 
equivalents  of  oxide  of  cerium,  2  equivalents  of  oxide  of  lanthanium 

•  •  Comptes  Rendus,'  June  27, 1864. 

t  'Philosophical  Magazine/  August,  1864,  p.  157. 

X  '  Les  Mondee,'  June,  1864. 
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and  of  didymimn  mixed  with  chloride  of  calcium.  Its  deosiiy  is  4-35^ 
and  its  hardneBS  inteimediate  between  apatite  and  fluor-spar. 

The  same  industrious  and  intelligent  chemist,  whose  stadies  a 
mineral  chemistry  are  of  the  highest  character,  has  communicated  to  tfas 
Academy  some  remarks  on  the  isomorphism  of  arsenic  and  antinwmj. 
This  note  by  Ste.  Claire  Deville  has  been  elicited  by  the  remazia 
made  at  the  sittings  of  the  Academy  of  Sciences  in  June  and  Jofy. 
We  must  refer  aU  who  are  interested  in  these  mysterious  actioiis  cf 
crystallogenic  force  to  the  papers  themselyes,  which  will  be  found  ia 
the  *  Annalen  der  Chemie '  and  in  '  L'Institut.' 

Mr.  T.  Sterry  Hunt  continues  his  "  Contributions  to  Iiithology.' 
He  examines,  first,  some  eruptive  rocks,  such  as  quartziferons  poipliy- 
ries,  trachytes,  &c. ;  he  then  proceeds  to  describe  the  conditions  mds 
which  orthoclase  "potphjij  and  syenite  occur.  In  these  papers  wb 
have  a  very  complete  geological  investigation  of  the  subject^  and  a 
careful  physical  examination.* 

The  new  metal  Indium^  so  called  on  account  of  the  indigo-bloe 
line  which  it  shows  under  spectroscopic  examination,  has  been  found 
by  Beich  in  the  black  blende  ore  of  Himmel&hrt  mine,  near  Freiberg. 
Two  hundred  pounds  of  this  blende  (the  black  jack  of  onr  miners) 
yielded  a  few  gnunmes  of  the  new  element  j 

We  noticed  in  our  last  a  new  Cornish  mineral,  which  Professor  N. 
S.  Maskelyne  had  described.  He  has  since  that  period  exhibited  this 
mineral  at  a  recent  meeting  of  the  Geological  Society.  He  proposes  to 
call  the  mineral  Langite,  in  honour  of  Professor  Victor  von  !Lang,  of 
the  University  of  Gratz,  and  formerly  of  the  department  of  Mineralogy 
in  the  British  Museum. 

Quicksilver  has  been  discovered  in  New  Zealand.  A  correspondent 
of '  The  Argus '  (colonial  paper)  states  that  over  an  extensive  tract  on 
the  slope  of  a  hill,  at  the  depth  of  about  6  feet,  this  metal  is  found 
mixed  with  the  '^  wash-dirt,"  which  is  about  9  feet  in  depth.  The 
gold  which  has  been  discovered  in  the  same  locality  is  all  in  the  state 
of  amalgam. 

Metallurgy. 

The  high  price  of  bismuth,  and  the  scarcity  of  the  ores  of  that 
metal,  have  led  M.  Balard  to  make  experiments  on  worn-out  type 
metal  with  a  view  to  its  recovery.  This  French  chemist  has  been  to 
some  extent  successful.  By  solution  in  nitric  apid,  nitrates  of  lead  and 
bismuth  are  obtained.  After  rendering  the  solution  as  neutral  as 
possible,  plates  of  lead  are  placed  in  it,  when  bismuth  is  precipitated 
in  a  metallic  state.  The  tin  is  recovered  by  reduction  on  charcoal ; 
and  the  lead,  as  a  carbonate,  by  precipitation  with  carbonate  of  soda. 

The  extraordinary  price  attained  by  this  metal  was  due  to  a  ciiv 
cumstance  which  would  scarcely  be  suspected  in  the  present  day.  A 
company  was  formed  in  London,  under  the  direction  of  a  foreigner, 

♦  *  The  American  Journal  of  Science  and  Arts,'  conducteil  by  Professore  Silli- 
luans  and  Dana,  July,  1864. 

t  *  Bci-g.  u.  iluttcumaunischc  Zeituug/  vol.  xxiii.»  1842. 
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^         for  the  purpose  of  maMng  gdd.    Very  large  premises  were  taken,  and 

^         much  apparatus  placed  in  position  to  carry  out  the  most  recent  attempt 

'  at  transmutation,     Bismntii  was  to  have  entered  largely  into  the  pro- 

^  cess,  and  all  that  could  be  obtained  was  purchased  by  the  company 

regajrdless  of  price.    Of  course,  no  gold  has  been  made,  and  to  saye,  out 

'  of  the  wrecl^  as  much  as  possible,  the  deluded  shareholders  are 

cautiously  selling  their  stock  of  bismuth,  so  as  to  obtain  as  high  a 

^  price  as  possible,  and  thus  by  a  legitimate  process  convert  it  into  gold. 

Few  things  can  show  more  strikingly  than  this  does  the  deficiency  of 

knowledge  amongst  a  large  and  respectable  class  of  people.     It  was 

not  long  since  that  the  writer  of  this  notice  was  positively  told  by  some 

I  gontlemen,  that  they  were  about  to  extract  aluminium  from  quartz,  and 

i  if  embarking  a  large  sum  of  money  in  so  wild  a  scheme  may  be 

I  regarded  as  a  proof  of  their  conviction  that  this  was  possible,  that 

1  proof  certainly  existed.     Still  more  recently  a  man  supposed  to  be  an 

experienced  miner  has  returned  from  abroad,  bringing  with  him  what  he 

i  regarded  as  very  fine  specimens  of  tin,  whereas  they  are  only  crystals 

I  of  wolfram  {ttmgstaie  of  iron),  and  consequently  valueless.    Such 

I  instances  surely  show  the  necessity  of  making  some  of  the  sciences 

•:  part  of  our  ordinary  educational  system. 

It  has  always  been  a  complaint  that  there  is  a  considerable  loss  of 
I  silver  in  the  reduction  of  that  precious  metal  from  the  rich  ores  of  the 

i  Mexican  mines.     M.  PoumarMe  has  turned  his  attention  to  this,  and 

I  in  a  communication  to  the  Paris  Academy  of  Sciences  he  states  his 

\  belief  that  this  is  due  to  an  imperfect  chloridization  of  the  silver,  and 

,  consequently  irregularity  of  action.     He  states  that  if  finely-powdered 

quartz  be  mixed  with  about  1  per  cent,  of  silver  powder  and  2  or  3  per 
,  cent,  of  salt,  and  heated  for  htJf-an-hour  to  redness  in  a  covered  cruci- 

ble, all  the  silver  will  be  found  to  have  passed  into  the  form  of  chloride, 
,  soluble  in  ammonia.     If  the  silver  is  in  the  form  of  sulphide,  or  any 

other  compound,  the  same  result  is  obtained.  When,  instead  of  quartz, 
we  use  felspar, — either  with  or  without  earthy  carbonates,  oxide  of 
iron,  or  other  constituents  of  the  veinstone, — the  same  conversion  into 
chloride  takes  places  in  an  equally  complete  manner.  The  applica- 
tion of  this  in  tiie  processes  of  reducing  silver  ores  is  obvious. 

Attention  is  again  being  directed  to  the  combination  of  tungsten 
with  steeL  Some  years  since  Mr.  B.  Oxland  patented  a  process  for 
separating  wolfram  (tungstate  of  iron)  from  tin,  and  it  was  proposed 
to  employ  the  tungstate  of  soda  obtained  in  the  process  as  a  mordant, 
and  the  metallic  tungsten  as  an  alloy  with  iron.  M.  Jacob  subse- 
quently made  steel,  with  tungsten  in  its  composition,  and  carried  out 
some  large  and  apparently  satisfactory  experiments  at  Sheffield  and  in 
Austria.  The  results  were  so  promising  that  M.  Jacob  gained  posses- 
sion of  nearly  aU  the  sources  of  wolfram  in  this  country.  For  several 
years,  however,  nothing  has  been  heard  of  this  alloy. 

Now  M.  Le  Guen  has  solicited  attention  to  what  he  calls  wolframed 
pig-iron.  Experiments  have  been  made  at  Brest,  and  the  pig  tested 
was  found  to  ofier  a  greatly-increased  resistance  when  less  than  2  per 
cent,  of  wolfram  had  been  added  to  the  iron.  Another  description  of 
pig-iron,  formed  of  one-third  of  best  old  English  pig  and  two-Uiirds  of 
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the  fragments  of  old  cannon  witli  Grerman  wolfram  mixed  in  the  asm 
proportion,  show  an  augmentation  of  resistance  equal  to  aboat  sizty-eiglit 
kilogrammes  per  square  centimetre.*  Nmnerons  other  ezperimezite 
of  a  similar  character  were  made,  the  results  appearing  to  be,  in  all 
cases  favourable  to  the  wolframed  pig-iron.  There  is  much  differemffl 
in  the  character  of  the  tungstate  of  iron.  The  French  wolfram,  con- 
taining a  little  arsenic  and  sulphur,  is  not  equal  even  after  roasting  to 
the  German  mineral,  which  is  very  pure. 

We  noticed  in  our  last  Journal  Mr.  Griffiths's  mechanical  pnddkr. 
Another  patent  has  been  obtained  by  Mr.  Thomas  Harrison,  of  tk 
Tudhoe  Iron  Works,  Ferry  Hill,  Durham,  for  "improvements  in 
machinery  for  puddling  iron  and  steeL"  We  are  not  yet  aware  of  any 
works  at  which  this  new  arrangement  has  been  adopted.  The  moment 
we  learn  the  result  of  any  trials  we  will  communicate  the  same  to  oar 
readers. 


Vin.  PHYSICS. 


Light. — It  might  be  imagined  that  such  an  obvious  question  as  that 
of  the  relative  brilliancy  of  various  portions  of  the  solar  disc  would 
have  been  definitely  settled  by  this  time ;  yet  we  find  physicistB  still 
adhering  to  the  opim'on  that  both  the  cent3*e  and  the  circumference  are 
equally  luminous ;  whilst  others,  by  fax  the  larger  majority,  adduce 
experiments  and  reasonings  to  prove  that  the  centre  is  considerably 
more  luminous  than  the  marginal  portions  of  the  disc.     Sespectmg 
the  actual  light  which  comes  from  the  sun,  we  are  not  aware  that  anj 
accurate  photometric  experiments  have   yet  been  made,    althou^ 
observers  have  long  noticed  a  difference  in  luminosity  between  the 
centre  and  the  edge ;  but  we  find  that  the  variations  of  chemical  and 
thermic,  follow  so  completely  those  of  luminous  intensity,  that  it  will 
be  admitted  that  what  is  proved  of  the  two  former  holds  equally  good 
in  the  case  of  the  latter.  Becchif  has  shown  that  the  calorific  radiation 
of  the  centre  of  the  sun's  disc  is  nearly  double  that  from  its  bordei% 
and  that  the  equatorial  regions  are  somewhat  hotter  than  the  polar. 
More  recently,  Eoscoe,^  in  some  carefully-conducted  experiments, 
showed  that  the  intensity  of  the  chemically-active  rays  at  the  centre 
was  from  three  to  five  times  as  great  as  that  at  the  edge  of  the  disc, 
and  that  the  chemical  brightness  of  the  south  polar  regions  was  con- 
siderably greater  than  that  of  the  north  polar  regions,  whilst  about 
the  equator  the  brightness  was  between  that  of  the  poles.     Professor 
Boscoe's  results  were  obtained  by  exposing  a  prepared  paper  in  a 
camera  to  the  action  of  the  sun's  image,  and  comparing  the  shade  of 
tint  produced  thereby  at  the  centre  and  at  the  circumference  with  a 

*  A  kilogrfumne  is  the  fiftieth  part  of  an  English  cwt.»  and  a  centimetre 
about  four-tenths  of  an  English  inch, 
t  *  Aatron.  Nachr/  Nos.  806,  833. 
X  •  Proceedings  of  the  Boyal  Society,*  1863. 
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certain  standard.  Dr.  Woods  *  now  snggests  a  plan  which  he  adopted 
in  1854  f  to  show  the  identity  of  the  sun's  action  on  a  photographic 
Burface  with  that  of  flame,  the  centre  rays  of  the  latter  being  also  more 
intense  in  chemical  action  than  those  at  the  circmnference.  This 
method  consists  in  exposing  the  prepared  paper  to  the  sun's  picture  in 
the  camera  for  a  period  so  short  that  the  centre  or  most  active  rays 
only  have  time  to  act  npon  it ;  then,  for  the  next  impression,  to  leave 
the  paper  exposed  for  a  somewhat  longer  time,  so  that  a  somewhat 
larger  picture  is  obtained ;  and  so  on  nntil  the  entire  picture  is  given. 
The  size  of  the  impression  produced  would  be  in  proportion  to  the 
time  of  exposure,  and  it  would  appear  that  the  intensity  of  the  chemical 
rays  from  any  part  of  the  disc  would  be  more  accurately  fixed  by  get- 
ting the  time  required  for  their  action  than  by  the  use  of  standard 
tints. 

An  important  contribution  to  our  knowledge  of  the  light  from 
certain  of  the  fixed  stars  has  been  presented  to  the  Boyal  Society  by 
Mr.  Huggins  and  Dr.  Miller.  These  gentlemen  use  in  their  spectro- 
scope two  dense  flint-glass  prisms,  and  the  spectrum  is  viewed  through 
a  small  achromatic  telescope,  with  a  magnifying  power  of  between  five 
and  six  diameters.  A  piano-cylindrical  lens  of  14-inches  focus  is 
employed  to  convert  the  image  of  the  star  into  a  narrow  line  of  light, 
which  is  made  to  fall  upon  a  very  fine  slit,  behind  which  is  placed  an 
achromatic  collimating  lens.  The  spectroscope  so  constructed  is 
attached  to  the  eye-end  of  a  refracting  telescope  of  10-feet  focal  length 
with  an  8-inch  achromatic  object-glass,  and  the  whole  is  mounted 
equatorially  and  carried  by  a  clock-movement.  By  this  instrument 
between  forty  and  fifty  of  the  fixed  stars  have  been  more  or  less  com- 
pletely examined,  and  tables  of  the  measures  of  about  90  lines  in 
Aldeharan,  nearly  80  in  a  Ononis^  and  15  in  fi  Pegasi  are  given.  In 
the  spectrum  of  Ald^>aran,  coincidence  with  nine  of  the  elementary 
bodies  has  been  observed,  viz,  sodium,  magnesium,  hydrogen,  calcium, 
iron,  bismuth,  tellurium,  antimony,  and  mercury.  In  the  spectrum  of 
a  OrioniSy  five  cases  of  coincidence  were  found,  viz.  sodium,  magnesium, 
calcium,  iron,  and  bismuth,  fi  Pegasi  famished  a  spectrum  closely 
resembling  that  of  a  Orionia  in  appearance,  but  much  weaker.  It  was 
particularly  noticed  that  the  lines  C  and  F,  corresponding  to  hydrogen, 
which  are  present  in  nearly  all  the  stars,  are  wanting  in  these  two 
stars.  In  tiie  concluding  portion  of  their  paper,  the  authors  apply  the 
fftcts  observed  to  an  explanation  of  the  colours  of  the  stars.  They 
consider  that  the  difierence  of  colour  is  to  be  sought  in  the  difference 
of  the  constitution  of  the  investing  stellar  atmospheres,  which  act  by 
absorbing  particular  portions  of  the  light  emitted  by  the  incandescent 
solid  or  liquid  photosphere,  the  light  of  which  in  each  case  they  sup- 
pose to  be  of  the  same  quality  originally,  as  it  seems  to  be  independent 
of  the  chemical  nature  of  its  constituents. 

The  subject  of  stellar  and  planetary  spectra  has  been  likewise 
continued  by  Father  Secchi.  Taking  advantage  of  the  moon  being  in 
the  neighbourhood  of  Jupiter  and  Saturn,  he  has  compared  the  spectra 
of  the  three,  and  has  satis&ctorily  made  out  the  presence  of  atmo- 

♦  *Phil.  Mug/  August,  1864.  f  *Phil.  »Iag.'  July.  1854. 
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spheric  lines  in  the  spectra  of  the  planets,  and  the  absence  of  ihsmk 
that  of  the  moon.  This  obsorvation  appears  to  show  that  the  so-called 
atmospheric  lines  are  not,  after  all,  due  to  the  absorbing  action  of  & 
earth's  atmosphere,  or  they  would  be  present  in  the  lunar  spectrmn. 

It  is  well  known  to  aU  who  have  devoted  attention  to  photograplde 
chemistry  that  iodide  of  silver  occurs  in  two  modifications,  one  b^ 
sensitive,  whilst  the  other  is  insensitive  to  the  action  of  ligbk 
M.  Kaiser,  of  Leipzig,  has  discovered  that  the  insensitive  modifics&i 
may  be  transformed  into  the  sensitive  iodide  by  being  submitted  to 
the  vapour  of  benzoL  He  says  that  the  benzol  vapour  acts  by  defe- 
loping  ozone  in  the  air,  and  he  has  found  that  an  atmosphere  ozonized 
by  electricity  has  precisely  the  same  action.  M.  Kaiser's  expenmenti 
with  benzol  vapour  seem  to  confirm  a  suspicion  entertained  by  numy 
photographers,  that  the  wet  coUodion-plate  is  more  sensitive  than  uj 
other  &om  its  containing  a  small  quantity  of  ozonized  ether  on  its 
surfikce,  and  not  because  its  pores  are  more  open  in  the  wet  state  iJiao 
when  dry. 

Speaking  of  photography,  we  transfer  the  following  ertract  from  t 
note  just  received  from  Dr.  H.  Draper,  of  New  York.  He  says,  **I 
have  succeeded  in  taking  a  photograph  of  the  Moon  50  inches  in 
diameter,  a  size  hitherto  unapproached,  and,  in  fact,  as  large  as  present 
processes  will  permit.  It  required  six  weeks  of  steady  work,  but  folly 
repays  me  in  the  imposing  effect  gained.*' 

The  subject  of  light  in  relation  to  chemistry  will  probably  attnei 
much  more  attention  in  future  than  it  has  hitherto  done.     Chemists 
have,  however,  somewhat  neglected  the  absorption  spectra  given  hy 
metallic  and  organic  solutions  in  their  hunt  after  fixed  lines.    At 
one  of  the  recent  meetings  of  the  Chemical   Society,*    Professor 
G.  G.  Stokes,  Sec.  B.S.,  favoured  the  members  with  a  discoorse  on  the 
detection  and  discrimination  of  organic  bodies  by  means  of  their 
optical  properties.     The  properties  most  available  for  the  chenust 
were  colour-production  by  absorption,  fluorescence,  and  reflection, 
and  in  a  limited  number  of  instances  the  phenomena  of  circular 
polarization.    The  professor  exhibited  a  veiy  simple  arrangement  of 
apparatus  for  the  purpose  of  observing  the  effects  of  absorption.    It 
consists  of  a  small  glass  prism,  having  a  refracting  angle  of  6C^  mounted 
vertically  at  one  end  of  a  long  wooden  tube,  the  other  end  of  which  is 
dosed,  with  the  exception  of  a  narrow  slit  regulated  by  a  screw ;  and 
against  the  outside  of  this  aperture,  and  in  front  of  the  lamp,  a  testr 
tube  containing  the  solution  to  be  exandned  can  be  supported  by 
means  of  elastic  bands.    When  a  dilute  solution  of  permanganate  of 
potash  is  viewed  through  the  prism,  the  spectrum  appears  furrowed 
out  with  five  dark  bands  of  absorption  at  regular  intervals  between  the 
fixed  lines  D  and  F,  and  many  other  coloured  liquids,  organic  aod 
inorganic,  exhibit  characteristic  absorption-bands,  by  means  of  which 
they  are  capable  of  identification.     In  proof  of  the  value  of  this  test 
to  ^e  detection  of  organic  colouring-matters.  Professor  Stokes  stated 
that  Dr.  Stenhouse  had  supplied  him  with  a  mixed  colouring-matter, 
in  which  three  of  the  madder  principles  were  contained— viz.  alizariii, 

♦  •  Chemical  News,'  vol.  x.  p.  283. 
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purpurm,  and  mbiacin ;  and  in  a  piece  of  the  dry  material  no  larger 
than  a  pin's  head  all  throe  substances  were  distinctly  recognized. 

The  poisonous  nature  of  the  green  colouring-matters  in  general  use 
has  led  to  numberless  attempts  to  substitute  for  them  pigments  of  less 
danger.  At  the  recent  meeting  of  the  Societe  Stanislas  at  Nancy,  a 
proposition  was  made  to  employ  the  beautiful  green  manganate  of 
barium  as  a  pigment.  Although  very  beautiful  and  comparatively 
inexpensive,  this  pigment  would  still  labour  under  the  disadvantage 
of  being  poisonous,  whilst  at  the  same  time  it  is  likely  to  be  deficient 
in  permanence. 

Hbat. — One  of  the  most  important  investigationfl  in  this  branch 
of  science  has  recently  been  communicated  by  Dr.  Eopp  to  the  Boyal 
Society.    He  has  been  engaged  in  the  determination  of  the  specific 
heat  of  an  immense  number  of  solid  and  liquid  bodies,  and  has  devised 
a  very  simple  method  of  performing  the  experiment,  tiius  bringing  the 
determination  of  specific  heat  out  of  the  restricted  sphere  of  the 
physical  cabinet,  with  its  complicated  apparatus,  within  reach  of  the 
ordinary  appliances  of  the  chemical  laboratory.     Dr.  Eopp  has  arrived 
at  the  result  that  each  element  in  the  solid  state,  and  at  an  adequate 
distance  from  its  melting-point,  has  one  specific  or  atomic  heat ;  and 
that  for  each  element  it  is  to  be  assumed  that  it  has  essentially  the 
same  specific  or  atomic  heat  in  the  free  state  and  in  compounds.    The 
author  discusses  the  applicability  of  Dulong  and  Petit's  law,  and  shows 
that  it  is  not  univeroEdly  applicable.      He  concludes  his  memoir 
with  some  considerations  on  die  nature  of  the  chemical  elements,  and 
shows  that  chlorine,  bromine,  and  iodine  (which  are  even  now  regarded 
by  some  as  peroxides  of  unknown  elements),  if  compound  at  all,  are 
not  more  so  than  the  other  elements  to  which  Dulong  and  Petit's  law 
is  considered  to  apply.     K  this  law  were  universally  valid,  it  might 
be  concluded  that  the  so-called  elements,  if  they  are  really  compounds 
of  unknown  simpler  substances,  are  compounds  of  the  same  order,  and 
have  the  same  degree  of  composition ;  but  with  the  proof  that  this 
law  is  not  universaUy  true,  the  conclusion  to  which  this  result  leads 
loses  some  of  its  authority.    In  a  very  great  number  of  compounds,  the 
atomic  heat  gives  however,  more  or  less  accurately,  a  measure  for  the 
complication  of  the  composition,  and  the  conclusion  appears  legitimate 
that  for  the  so-called  elements  the  directly  or  indirectly  determined 
atomic  heats  are  a  measure  for  the  complication  of  their  composition. 
Carbon  and  hydrogen,  for  example,  *'  if  not  themselves  actually  simple 
bodies,  are  yet  simpler  compounds  of  unknown  elements  than  are 
silicium  or  oxygen,"  and  still  more  complex  are  the  large  number  of 
elements  which  may  be  considered  as  following  Dulong  and  Petit*s 
law.     With  reference  to  the  nature  of  the  so-called  elements,  the 
author  states  that  it  must  not  be  forgotten  that  his  conclusions  only 
give  some  sort  of  due  as  to  which  of  the*  present  undecomposed  bodies 
are  of  more  complicated  and  which  of  simpler  composition,  but  they 
tell  nothing  as  to  what  the  simpler  substances  are  which  are  used  in 
the  construction  of  the  compound  atoms.   But  even  if  these  conclusions 
are  not  tree  from  uncertainty  and  imperfection,  they  are  well  worthy 
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of  aitontiQn  when  thej  bear  upon  a  subject  so  fihrouded  in  darknoRB 
as  the  nature  of  the  undecomposed  bodies. 

The  passage  of  hydrogen  gas  through  homogeneous  bodies  at  a 
high  temperature  has  lately  attracted  considerable  attention  on  the 
Continent.  Some  time  ago  M.  L.  Cailletet  conmiunicated  a  note  to 
the  French  Academy,  in  which  he  showed  that  hydrogen  gas  would 
pass  through  plates  of  wrought-iron  several  millimetres  thick  at  a  red 
heat.  The  author  now  shows  that  when  the  iron  is  cold,  or  at  a 
temperature  of  only  210°  C,  hydrogen  will  not  traverse  a  plate  of  only 
^th  millimetre  in  thickness.  M.  H.  Ste.  Claire  Deville  has  like- 
wise been  continuing  his  experiments  on  the  same  subject.  His 
method  of  observing  the  phenomenon  is  to  fill  a  wrought-iron  tube 
with  nitrogen,  and  place  it  in  a  porcelain  tube,  through  which  a  cunxaLt 
of  hydrogen  is  passed.  Upon  heating  the  whole  in  a  fdmace,  and 
observing  the  pressure  on  the  inside  and  on  the  outside  of  the  iron 
tube,  it  is  found  that  that  of  the  interior  may  become  almost  double 
that  of  the  exterior,  in  consequence  of  the  hydrogen  permeating  the 
walls  of  iron  and  adding  its  pressure  to  that  of  the  nitrogen.  Unless 
the  temperature  is  very  high,  no  nitrogen  passes  out;  but  at  very 
exalted  temperatures,  the  author  remarked  that  the  internal  and  exter- 
nal pressures  became  equalized,  in  consequence  of  the  intra-molecular 
spaces  becoming  so  much  dilated  as  to  allow  the  nitrogen  to  pass 
freely.  M.  Deiolle  conceives  that  if  we  knew  the  law  of  the  dilatation 
of  these  inter-molecular  spaces,  we  might  determine  the  relative  sizes 
of  the  molecules  of  hydrogen  and  nitrogen. 

The  same  indefatigable  experimentalist  has  been  also  engaged 
with  M.  Troost  in  perfecting  the  means  of  determining  high  tem- 
peratures, and  they  describe  a  porcelain  apparatus  by  which  they 
measure  a  temperature  reaching  as  high  as  1530"*  C.  The  description 
is  too  long  to  be  given  here,  but  the  account  leaves  no  doubt  that  we 
have  now  a  pyrometer  capable  of  giving  very  exact  indications,  and 
likely  to  receive  important  applications.  The  authors  record  that,  at 
the  temperature  above  given,  copper  and  silver  seemed  to  be  vaporized, 
and  feldspar  was  fused  to  a  perfectly  clear  glass.  An  iron  nail,  how- 
ever, showed  no  signs  of  fusion. 

It  has  often  been  observed  that  a  diminution  of  density  occurs 
when  certain  minerals  are  exposed  to  heat,  and,  in  particular,  it  was 
announced  by  Magnus  some  years  ago,  that  specimens  of  idocrase 
after  fusion  had  diminished  considerably  in  density  without  under- 
going any  change  of  composition.  Dr.  Phipson  has  recently  repeated 
this  experiment  of  Magnus,  and  finds  that  it  is  true  both  for  the  whole 
family  of  garnets  as  well  as  for  the  minerals  of  the  idocrase  group. 
He  finds  tibat  it  is  not  necessary  to  melt  the  minerals,  the  change  of 
density  occurs  upon  their  merely  being  heated  to  redness  without  ^ion ; 
and  Dr.  Phipson  has  obtained  the  curious  result,  that  the  diminished 
density  thus  produced  by  the  action  of  a  red  heat  is  not  permanent, 
but  that  the  specimens  in  the  course  of  a  month  or  less  resume  their 
original  specific  gravities.  Thus  three  specimens  of  lime-garnet 
mellitite  from  Vesuvius,  having  an  original  density  respectively  of 
3*345,  3*350,  and  3*349,  after  being  heated  to  redness  for  a  quarter 
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of  an  hour  and  allowed  to  cool,  were  found  to  have  their  specific 
gravities  diminished  respectively  to  2-978,  2-980,  and  2-977.  In 
one  month's  time  the  specific  gravities,  upon  being  again  determined, 
were  found  to  have  risen  to  3-844,  8*850,  and  8-845.  The  author 
considers  it  probable  that  this  property  will  be  found  to  belong  more 
or  less  to  all  substances  without  exception. 

It  has  become  an  important  desideratum  for  physicists  engaged 
in  the  investigation  of  the  spectrum  lines  to  be  in  possession  of  an 
instrument  which  will  readily  reveal  the  presence  of  fixed  lines  in  the 
heat-spectnun.     The  ordinary  form  of  thermo-electric  battery  is  in- 
applicable for  this  purpose  on  account  of  its  shape,  besides  being 
scarcely  delicate  enough  for  rays  of  feeble  intensity.    Mr.  Grookes 
has  proposed  a  method  of  forming  a  thermo-spectrometer,  which  will 
enable  physicists  to  examine  and  map  out  the  thermal  lines  of  the 
spectrum  as  accurately  as  this  can  be  done  with  the  visible  and  photo- 
graphic portion.     Instead  of  using  antimony  and  bismuth  bars,  it  is 
proposed  to  use  the  tax  more  powerful  combination  of  antimony  and 
tellurium.    A  single  row  of  these  bars  are  soldered  together  at  their 
alternate  ends,  and,  after  being  cemented  to  a  temporary  but  rigid 
flat  surface,  the  series  is  ground  perfectly  flat.    This  flat  side  is  then 
cemented  to  a  permanent  support  of  glass,  porcelain,  ebonite,  or  other 
suitable  non-conducting  material,  and  the  other  side  (after  removal  of 
the  temporary  supportmg-surface)  is  likewise  ground  down  until  the 
series  of  bars  is  no  thicker  than  a  card.    This  side  is  now  cemented  to 
the  same  kind  of  supporting  material  as  was  used  for  the  other  side,  and 
the  whole  is  firmly  and  securely  sealed  up,  so  as  to  leave  only  the  ends 
exposed.     The  end  of  the  pile  now  appears  in  the  form  of  a  very 
narrow,  slightly-disconnected  line,  half-an-inch  or  so  in  length,  and 
consisting  of  tiie  extremities  of  ten  or  a  dozen  couples  of  antimony 
and  tellurium  bars,  each  not  larger  than  a  pin.     By  connecting  the 
extremities  of  this  pile  with  a  sensitive  galvanometer,  and  carrying  it 
along  the  ultra-red  end  of  the  spectrum,  keeping  the  line  of  extremities 
parallel  with  the  fixed  spectrum  lines,  it  will  instantly  reveal  when  a 
ray  of  heat  shines  upon  it  by  a  deflection  of  the  needle;  and  the 
comparative  intensities  of  the  thermic  rays  can  be  at  the  same  time 
ascertained  by  recording  the  angular  distance  to  which  the  needle  is 
deflected. 

Elegtricitt. — ^Although  not  able  to  record  any  striking  discovery 
in  electrical  science  which  has  taken  place  during  the  last  quarter,  we 
have  noted  several  ingenious  applications  of  this  force,  as  well  as 
improvements  in  instruments  connected  with  it.  A  suggestion  of 
M.  Dufour  for  preventing  the  explosion  of  steam-boilers  is  especially 
worthy  of  notice  for  its  ingenuity,  as  well  as  for  the  important  results 
which  would  attend  its  successful  adoption.  Mr.  Grove  has  shown 
that  when  water  is  deprived  of  the  air  naturally  dissolved  in  it,  and 
is  then  heated,  it  does  not  boil  steadily  at  any  fixed  temperature ;  the 
temperature  rises  many  degrees  above  the  normal  boiling-point,  and  the 
liquid  then  suddenly  bursts  into  tumultuous  ebullition ;  it  now  remains 
quiet  for  a  short  time  whilst  the  temperature  is  again  accumulating, 
and  the  same  phenomena  are  again  repeated,  increasing  in  violence 
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until  the  water  is  projected  into  the  air  with  an  explosion,  the  y^sel 
being  frequently  broken.  It  is  to  ooenrrences  of  this  kind  that  boiler- 
explosions  are  supposed  to  be  most  frequently  due,  and  it  is  the  general 
opinion  that  if  the  water  could  be  kept  supplied  with  air,  ebullition 
would  take  place  with  perfect  regularity.  The  difi&'culty  has  been 
how  to  effect  this  necessary  aeration,  and  M.  Dufour  now  proposes  to 
accomplish  it  by  carrying  an  insulated  platinum-wire  into  the  water, 
and  connecting  ^e  wire  and  the  boiler  with  the  opposite  poles  of  a 
battery.  It  is  imagined  that  the  decomposition  of  tJie  water  will  keep 
it  well  supplied  with  gaseous  material,  and  will  preyent  the  ebullition 
from  becoming  explosive. 

An  ingenious  modification  of  the  ordinary  electrophorus  has  been 
devised  by  Messrs.  Cornelius  and  Baker,  of  the  Franklin  Institute,  for 
lighting  gas.  It  consists  of  a  spherical  cup  of  brass  lined  with  sheep- 
skin and  silk,  into  which  drops  a  corresponding  hemisphere  of  hard 
india-rubber.  The  brass  cup  communicates  with  a  wire  near  the  jet. 
To  light  the  gas,  the  hard-rubber  hemisphere  is  raised  by  means  of  a 
little  handle,  and  the  spark  passes,  lighting  the  gas  in  its  passage.  They 
have  also  devised  a  portable  electrophorus  of  tubular  construction ;  it 
consists  of  two  brass  tubes,  united  together  by  a  ring  of  hard  india- 
rubber,  closed  at  each  end,  and  covered  internally  with  a  silk  padding. 
Inside  the  tubes  is  a  cylinder  of  hard  rubber,  which  passes  freely  down 
the  tubes  when  they  are  reversed.  The  apparatus  is  grasped  by  the 
non-conducting  ring  and  held,  upright,  the  hard-rubber  cylinder  being 
at  the  lower  end.  Upon  reversal  it  passes  to  the  other  end,  charging 
the  brass  tube  in  its  passage. 

Father  Secchi  advises  the  use  of  fine  sand  or  of  powdered  sulphur 
in  the  porous  cell  of  the  Daniel's  battery,  in  order  to  increase  its 
constancy.  He  accounts  for  its  action  by  supposing  that  when  the 
ordinary  liquid  alone  is  used,  there  is  greater  liability  to  local  action 
taking  place  upon  the  zinc.  In  a  battery,  the  circuit  of  which  is  closed 
for  two  minutes  every  quarter  of  an  hour,  the  learned  father  has  used 
an  ordinary  piece  of  commercial  sheet-zinc  half-a-millimetre  in  thick- 
ness, which  has  continued  in  action  for  more  than  six  months  without 
showing  the  least  sign  of  local  corrosion. 

Our  enterprising  French  neighbours,  always  before  us  in  luxurious 
applications  of  science,  are  rapidly  applying  the  electric  light  to  the 
illumination  of  private  and  public  assemblies.  It  has  for  some  time 
past  been  introduced  at  the  Tuileries  on  the  nights  of  the  grand  balls, 
and  the  Abb^  Moigno  has  lately  made  use  of  it  during  his  lectures  on 
the  progress  of  science  in  the  hall  of  the  Soci^t^  d'Encouragement. 
Instead  of  being  illuminated  by  the  innumerable  jets  of  gas  with  which 
the  hall  is  provided,  a  single  electric  light  placed  in  a  central  position 
lit  the  room  in  the  most  perfect  manner.  The  consequence  was  that, 
although  the  lecture  was  delivered  during  the  height  of  the  hot  season 
in  Paris,  the  room  was  kept  comparatively  cool. 

The  celebrated  electrical  instrument  maker,  Ehumkorff,  has  de- 
servedly been  presented  with  the  Napoleon  III.  prize  of  50,000  francs 
*  for  the  induction  apparatus  that  bears  his  name.   The  King  of  Hanover 
has  also  sent  him  a  large  gold  medal. 
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IX.  ZOOLOGY  AND  ANIMAL  PHYSIOLOGY. 

It  is  stated  that  researches  have  been  recently  carried  on  in  Borneo, 
on  the  most  extensive  scale,  with  a  view  to  solve  the  oft-disputed 
question  of  the  plurality  of  species  amongst  the  orang-outangs  of  that 
island,  and  that  Dr.  E.  F.  Houghton  is  about  to  submit  a  very  large 
collection  of  skulls  of  the  different  varieties  or  species  to  English 
zoologists. 

The  Aye-aye  (CJieiromys  MacUigascariensis),  an  anomalous  crea- 
ture, which  has  lately  attracted  more  attention  from  the  fact  of  a 
living  specimen  being  successfully  brought  to  the  Zoological  Gardens, 
has  formed  the  subject  of  a  memoir  by  Dr.  Peters,  before  the  Berlin 
Academy.  It  had  been  shown  by  Professor  Owen  to  be  allied  to  the 
Lemurs,  while  the  structure  of  the  incisors  shows  an  important  relation 
to  the  Bodents.  Dr.  Peters  concludes  that,  if  we  are  not  prepared  to 
make  a  separate  order  for  this  genus,  to  be  placed  intermediate  between 
the  quadrumana  and  the  rodents,  as  Brandt  has  proposed,  it  would,  on 
the  whole,  be  the  most  natural  to  regard  it  as  an  aberrant  division  of 
the  Lemurs,  and  to  unite  it  with  them  to  form  the  representatives  of  a 
particular  fEunily.  With  the  exception  of  the  disposition  of  the  hands 
and  the  opposable  thumb  of  the  hinder  extremity,  the  principal 
character  to  be  considered  is  the  formation  of  the  skull  and  brain. 
As  regards  the  dentition,  it  would  be  of  much  interest  to  investigate 
whether  at  any  period  of  the  foetal  life  of  the  glires  there  exist  teeth 
corresponding  to  the  milk-teeth  of  the  aye-aye,  the  formula  of  which 
exhibits  a  close  relation  to  that  of  the  insectivora. 

The  sudden  occurrence  of  Pallas'  sand  grouse  {Syrrhaptes  para- 
dooBua)  over  the  greater  part  of  Europe  has  attracted  the  attention  of 
ornithologists,  and  Mr.  Alfred  Newton  has  collected  information  which 
shows  that  this  remarkable  bird,  hitherto  almost  unknown  to  the 
European  fauna,  has  been  met  with  during  the  year  1863  in  no  less 
than  148  localities  in  Europe  and  Great  Britain,  tracing  the  invading 
host  through  83°  of  longitude  from  Galicia  to  Donegal.  He  regards 
the  proximate  cause  of  this  wonderful  movement  to  the  natural  over- 
flow of  the  population  of  Syrrhaptes^  resulting  from  its  ordinary 
increase,  being  a  bird  which  has  comparatively  few  enemies,  while  its 
time  of  incubation  is  short  in  comparison  with  what  it  is  in  most 
ground-breeding  birds.  Mr.  Newton  inclines,  from  the  remarkable 
form  of  the  primaries  of  the  wing,  the  filiform  tail  feathers,  and 
syndactylous  feet,  to  believe  that  the  sand  grouse  is  not  improbably 
"  the  conquering  hero  of  a  long  struggle  for  existence,"  and  striving  to 
extend  its  range  in  all  directions ;  and  he  predicts  that  unless  some 
physical  change  occurs  in  the  Tartar  steppes  which  may  have  the  effect 
of  relieving  tibe  internal  pressure,  anotiier  outpouring  may  be  safely 
predicted. 

Mr.  AUis  exhibited  to  the  Linnean  Society  bones  and  photographs 

of  a  Dinomis,  of  which  the  skeleton  is  nearly  perfect.     Out  of  nine 

left  ribs  seven  are  still  in  siiUj  and  the  sternum  is  perfect  and  as  fresh 

to  appearance  as  though  the  bird  had  been  alive  last  year.     The  inner 
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left  toe  has  the  whole  of  the  outer  sole  still  adhering  to  it,  as  well  as 
part  of  the  sole  of  the  foot.  On  the  lower  part  of  fiie  back  is  still  a 
considerable  portion  of  the  outer  skin  studded  with  the  quill  part  of 
the  feathers,  and  in  one  or  two  rare  instances  portions  of  the  web  of 
the  feather.  The  bones  of  the  neck  still  show  greater  or  less  marks  of 
having  been  within  reach  of  the  destmctiye  effects  of  the  atmosphero, 
while  the  head  at  one  extremity,  and  the  first  dorsal  vertebra  at  the 
other,  are  each  as  perfect  as  though  they  had  been  taken  from  a  fresh 
killed  bird  by  the  most  skilful  anatomist.  Mr.  Gibson,  a  resident  in 
New  Zealand,  sent  it  to  his  brother,  Dr.  Gibson,  of  York,  with  a  state- 
ment that  it  was  discovered  in  a  sand-hill,  sitting  on  its  ^gs,  by  some 
diggers,  about  100  miles  up  the  country  from  Dunedin,  to  which  place  it 
was  sent  for  sale.  When  the  boxes  were  opened  they  were  thought  to 
contain  only  the  bones  of  one  adult  bird,  but  an  examination  showed 
a  number  of  small  bones  belonging  to  very  young  birds,  its  brood, 
consisting  of  five  individuals.  Dr.  Hooker  suggested  that  the  perfect 
condition  and  high  preservation  of  the  bones  might  be  due  to  ice ;  but 
Professor  Huxley  and  others  took  a  different  view  of  the  subject,  and 
thought  that  the  bird  in  question  had  probably  been  living  within  ten 
years.  When  we  remember  that  in  tiie  Great  Sahara  the  ostrich  is 
only  to  be  discovered  at  an  immense  distance,  although  there  are  no 
mtervening  objects  behind  which  he  could  shelter,  the  moa,  if  possessed 
of  half  the  subtlety  of  the  ostrich,  might  escape  for  jears  the  notice  of 
the  few  Europeans  who  have  ventured  to  intrude  on  his  haunts,  and  it 
is  by  no  means  impossible  that  this  gigantic  bird  may  exist  to  this  day 
undiscovered.  E3q>lorations  of  the  middle  island  are  being  made  by 
Dr.  Haast  which  promise  soon  to  settle  this  interesting  question. 

The  great  interest  attending  the  discovery  of  remains  of  aTn'maTa 
recently  extinct,  or  concerning  whose  present  existence  zoologists  are 
in  great  doubt,  has  led  Mr.  Alfred  Newton  to  follow  up  the  reseaidbes 
of  the  late  Mr.  John  Wolley  upon  the  great  Auk,  or  Gare  fowl  (Alca 
impennis),  which  he  has  done  so  successfully  as  to  have  secured  from 
Funk  or  Penguin  Island,  170  miles  north  of  St.  John's,  Newfoundland, 
a  natural  mummy  of  that  curious  bird,  which  vies  with  the  dodo  in 
ornithological  interest.  Although  numerous  skins  of  the  bird  exist  in 
various  museums  of  Europe,  the  osteology  was  very  imperfectly  known, 
and  the  present  mummy  is,  with  one  exception,  the  only  approach  to 
a  complete  skeleton  existing  in  Europe.  Mr.  Newton  has  placed  it  in 
the  lumds  of  Professor  Owen,  from  whom  no  doubt  we  shall  receive  an 
elaborate  monograph  upon  the  subject. 

Mr.  William  Bennett  gives  an  account  of  his  attempts  at  breeding 
Emeus  (Dromius)  in  Surrey,  which  throw  some  light  upon  the 
economy  of  struthious  birds.  In  1863  the  female  continued  laying 
until  she  had  deposited  twenty-eight  eggs,  weighing  about  forty  pounds. 
The  male  bird  was  set  upon  fourteen  of  these,  and  the  remainder  placed 
in  an  incubator.  For  a  mobth  all  went  on  well,  but  in  the  fifth  week  the 
birds  were  so  greatly  excited  by  the  appearance  of  a  boat,  that  the  eggs 
were  left  Those  in  the  incubator  all  failed  also,  although  the  chicks 
had  nearly  reached  maturity.  A  new  lot  of  eggs  began  to  be  deposited 
on  December  28rd,  and  on  February  14th  (of  the  present  year)  the 
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male  commenoed  sitting  on  ten  eggs.  After  eight  weeks,  signs  of  life 
appeared  in  the  eggs,  and  on  April  13ih  the  first  was  hatched,  and 
ultimately  ten  jomig  emens  repaid  Mr.  Bennett's  care  and  labour. 
The  normal  period  of  incubation  thus  appears  to  be  about  sixty  days, 
but  although  the  number  of  eggs  laid  is  large,  few  appear  to  be  hatched 
in  the  wild  state,  as  the  eggs  are  laid  in  various  sheltered  places,  and 
are  afterwards  collected  by  the  male,  that  is,  as  many  as  he  may  happen 
to  find.     The  female  takes  no  part  in  incubation. 

A  series  of  experiments  has  been  made  by  M.  Barth^emy  on 
monstrosities,  both  artificial  and  natural,  among  lepidopterous  insects. 
He  performed  his  experiments  chiefly  on  the  ch^scJis,  and  endeavoured 
to  cause  modifications  similar  to  those  obtained  by  covering  the  eggs 
of  birds  with  varnish.  On  covering  the  ch^saHs  with  oil  it  was  found 
that  it  died  before  completing  the  metamorphosis;  but  on  covering 
either  the  thoracic  or  abnormal  portion  with  wax,  a  retardation  of 
development  was  perceived,  which  was  much  greater  in  the  case  of  the 
thoracic  parts.  The  cephalic  part  of  the  nervous  system  was  much 
retarded  in  development,  but  the  other  parts  of  the  ganglionic  chain 
appeared  to  be  developed  as  usual.  He  succeeded  also  in  suppressing 
the  development  of  the  generative  organs. 

Mr.  Bates  has  added  another  remarkable  example  of  mimetic  resem- 
blance, in  a  spider,  of  the  genus  Salticus,  to  a  flower  of  Senecio  pubi- 
gerus  (Linn.),  a  common  roadside  weed  in  dry  ground  about  Cape 
Town.  It  was  noticed  by  Mr.  Boland  Trimen,  of  Cape  Town,  who 
says: — 

"  Leptoneura  Clytus,  a  handsome  butterfly  of  the  Satyrus  family,  is 
very  abundant  just  now.  Flowers  are  rather  scarce  at  this  season,  and  a 
tall  straggling  plant  with  yellow  composite  flowers  attracts  these  butter- 
flies  with  many  other  insects.  As  1  approached  a  plant  upon  which  were 
several  LeptoneursB,  I  observed  that  two  specimens  did  not  fly  off  with 
the  others,  and  found  that  each  was  in  the  clutches  of  a  bright  yellow 
spider.  I  removed  one  of  these  butterflies,  and  as  the  spider  shrunk  up 
its  limbs  on  the  flower,  which  equals  it  in  size,  it  was  scarcely  distinguish- 
able, so  exactly  similar  was  it  in  colour.  Eecovering  from  its  alium,  it 
slowly  moved  to  the  side  of  the  flower,  and  holding  on  to  the  stalk  by  its 
two  hindmost  pairs  of  legs,  it  extended  the  two  front  pairs  upwards  and 
laterally.  In  this  position  it  was  scarcely  possible  to  believe  that  it  was 
not  a  flower  seen  in  profile,  the  rounded  abdomen  representing  the  central 
mass  of  florets,  and  the  extended  legs  the  florets  of  the  ray ;  while  to  com- 
plete the  illusion,  the  front  femora  appressed  to  the  thorax  have  each  a 
long^itudinal  red  stripe,  representing  the  ferruginous  stripe  on  the  sepals 
of  the  flower.  As  the  other  spider  also  assumed  the  same  attitude  wnen 
robbed  of  his  butterfly,  and  as  both  retained  it  for  a  considerable  time,  I 
conclude  it  is  their  ordinary  mode  of  waiting  for  their  prey." 

M.  Mattencci  brought  before  the  French  Academy  a  remarkable 
case,  in  which  a  number  of  eggs,  after  having  been  allowed  to  remain 
under  the  hen  for  different  periods,  were  left  to  putrify.  In  no  case 
did  he  find  the  slightest  trace  of  either  animal  or  vegetable  life  upon 
breaking  the  shell  of  the  putrified  egg8.  He  considered  that  as  long 
as  the  shell  remained  intact  no  germs  could  by  any  means  obtain 
admission,  and  therefore  the  circumstances  of  this  case  were  peculiarly 
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favotirable  for  experiment  as  to  the  possibility  of  ^ontaneons  gene-* 
ratios.  M.  Milne-Edwards,  however,  stated  that  M.  Panceri  had  E^^own 
that  the  shell  is  not  always  impervious  to  the  passage  of  organized 
bodies. 

The  subject  of  spontaneous  generation  is  still  occupying  consider- 
able attention  both  in  France  and  England.  Messrs.  Pouchet,  Joly, 
and  Musset  are  endeavouring  to  prove  by  their  experiments  that  the 
air  does  not  normally  contain  the  incalculable  number  of  ova  and 
spores  ascribed  to  it  by  M.  Pasteur.  That  shown,  they  engage  to 
prove  that  with  a  boiled  fermentable  substance  to  be  left  to  their 
choice,  organized  productions  shall  be  constantly  and  universally  ob- 
tained in  vessels  hermetically  sealed,  and  containing  a  cubic  decimeter 
of  atmospheric  air.  The  statement  of  M.  Pasteur,  on  the  other  hand, 
is,  that  it  is  possible  to  obtain  in  a  given  place  a  sufficient  but  limit>ed 
quantity  of  atmospheric  air,  having  undergone  no  hind  of  physical  or 
dbtemical  alteration,  capable,  nevertheless,  of  causing  an  alteration  in 
an  eminently  putrescible  liquid. 

Dr.  Child,  of  Oxford,  has  laid  some  experiments  before  the  Royal 
Society,  made  during  the  summer  of  1863,  in  which  milk  or  fragments 
of  meat  and  water  were  placed  in  bulbs  of  glass  2^  inches  in  diameter 
— some  of  the  bulbs  being  filled  with  air  previoudy  passed  through  a 
porcelain  tube  containing  fragments  of  pumice-stone,  and  heated  to 
vivid  redness  in  a  furnace ;  while  others  were  filled  respectively  with 
carbonic  acid,  hydrogen,  oxygen,  and  nitrogen  gases.  Some  of  the 
substances  were  boiled  from  five  to  twenty  minutes,  in  all  cases  in  the 
bulb,  and  with  the  stream  of  gas  or  air  still  passing  through.  Tho 
microscopic  examination  of  the  contents  took  place  at  various  times 
from  three  to  four  months  after  their  enclosure.  When  the  substances 
had  not  been  boiled,  in  every  case  but  one,  low  organisms  were  found ; 
and  when  the  substances  were  boiled  the  results  were : — in  the  car- 
bonic acid  and  hydrogen  experiments,  no  sign  of  life ;  in  the  heated 
air  and  oxygen  experiments,  organisms  were  found ;  and  also  in  the 
nitrogen  experiments  where  meat  was  used,  but  none  where  milk  was 
used.  It  is  worthy  of  remark  that  in  these  experiments  oi^anisms 
were  found  under  l^e  precise  circumstances  in  which  M.  Pasteur  states 
that  they  cannot  and  do  not  exist. 

M.  Goste  has  laid  before  the  French  Academy  some  important 
observations  on  the  development  of  ciliated  Infusoria,  which  in  many 
points  oppose  the  doctrines  of  M.  Pouchet.  Infusoria,  he  affirms, 
make  their  appearance  in  an  infusion  long  before  the  pellicle,  falsely 
called  stroma,  a  name  which  attributes  a  function  to  it  that  it  does  not 
possess.  They  are  introduced  either  as  eggs  or  cysts  with  the  hay, 
moss,  or  leaves  of  which  the  infusion  is  made.  Although  the  stroma 
is  produced  in  infusions  made  with  substances  which  are  not  exposed 
to  the  air,  such  as  the  pulp  of  the  apple,  infusoria  are  never  found  in 
such  infusions  if  the  vessel  be  covered  with  a  piece  of  glass.  Never- 
theless, if,  after  ten  or  twenty  days,  no  infusorium  be  visible,  and  two 
or  three  Kolpods,  or  Chilodons,  or  Glaucomas  be  introduced,  these 
species  will  soon  show  themselves  in  prodigious  numbers,  in  conse* 
quence  of  their  mode  of  immediate  multiplication  by  division.     Some, 
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as  the  Glaucomas,  Chilodons,  and  Paiamecia,  divide  themselyes  with- 
out encysting;  others,  like  the  Kolpods,  encyst  themselyes  before 
divifiion.  A^r  multiplying  by  division  in  the  interior  of  their  cyst, 
the  Kolpods  encyst  themselves  again,  and  remain  in  that  state  imtil 
the  infusion  is  completely  dried  up,  and  they  return  to  life  only  after 
a  fresh  moistening.  Filters,  however,  allow  small  infusoria,  such  as 
Eolpods,  Chilodons,  &c.,  their  cysts  and  eggs,  to  pass  through  them. 


X.  SCIENCE  IN  THE  PBOVINCES. 

Thb  numerous  provincial  Societies,  not  behindhand  in  advancing  the 
cause  of  scientific  progress  to  which  they  have  allied  themselves, 
exhibit  an  amount  of  activity  worthy  of  the  cause,  and  which  shows 
itself  from  time  to  time  in  the  publication  of  Proceedings  which  are 
often  of  great  interest  and  value.  Many  of  these  have  forwarded  to 
us  an  account  of  their  labours,  and  it  affords  us  great  pleasure  to  lay 
before  our  readers  a  brief  summary,  as  evinced  by  these  published 
results.  Those  who  disparage  everything  provincial,  cannot  fail  to 
observe  that  the  Metropolis  stands  foremost  solely  because  there  is 
concentrated,  as  in  a  focus,  the  chief  talent  of  the  country ;  and  that, 
therefore,  there  can  be  no  reason  to  despise  the  lucubrations  of  Societies 
which  include  the  names  of  Joshua  Alder,  Bev.  A.  M.  Norman,  Albany 
Hancock,  Kev.  L.  Jenyns,  W.  Pengelly,  C.  Spenoe  Bate,  and  many 
others. 

Among  such  provincial  Societies,  the  *  Tyneside  Naturalists'  Field 
Club '  occupies  a  prominent  position,  and  periodically  publishes 
Transactions  which  are  full  of  interest  The  latest  number  is  a 
worthy  successor  to  many  others.  Among  the  chief  objects  of  this 
Society  is  the  publication  of  catalogues  of  the  natural  productions  of 
Northumberland  and  Durham,  and  from  time  to  tim€  tibe  Coleoptera 
by  Messrs.  Hardy  and  Bold,  the  MoUusca  by  Mr.  Alder,  the  Zoophytes 
by  the  same,  the  Permian  Fossils  by  B.  Howse,  the  Lepidoptera  by  G. 
Wailes,  and  Marine  Algae  by  G.  S.  Brady,  have  appeared ;  while  the 
freshwater  Algse,  Foraminifera,  Echinodermata,  Aimelida,  Crustacea, 
Hymenoptera,  Hemiptera,  Birds,  and  fossil  Fish  are  in  progress.  The 
present  number  contains  a  most  interesting  "  catalogue  "  of  the  Mam- 
malia, by  Messrs.  MenneU  and  Perkins,  occupying  about  sixty-five 
pages,  and  abounding  in  information  both  technical  and  popular.  It 
is  a  model  of  what  such  Fauna  lists  should  be,  and  we  wish  that  every 
county  of  our  island  had  so  excellent  a  chance  of  being  thoroughly 
examined  and  elucidated  as  have  those  of  Northumberland  and  Dur- 
ham. Fifty  out  of  the  sixty-seven  wild  British  species  are  claimed 
for  those  two  counties. 

Mr.  G.  S.  Brady,  whose  attention  is  directed  to  the  Entomostraca, 
has  added  several  of  these  organisms  to  the  British  lists,  by  the  dis- 
covery of  three  species  of  Cypris  and  two  of  Candona  in  the  above 
counties,  which  are  here  described  and  figured.  One  of  these,  Cypris 
afiSnis,  was  known  as  an  inhabitant  of  the  Continent,  but  has  recently 
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been  taken  in  both  the  northern  comities ;  and  another  specieB  fonnd 
there  is  of  great  interest,  inasmuch  as  it  was  first  described  as  a 
tertiary  specimen  by  Bupert  Jones,  but  has  since  been  disooyered  in 
brackish  water  at  Gravesend,  and  at  Warkworth. 

The  British  Association,  at  its  Cambridge  meeting,  renewed  a 
grant  for  dredging  the  Dogger  Bank,  and  the  coasts  of  Northnmber- 
land  and  Durham.  These  explorations  have  resulted  in  seyeral 
interesting  and  new  forms,  including  a  beautiful  nudibranchiate 
mollusk  (Hero  formo8a,  Loy^),  which  occurs  on  the  coasts  of  Norway 
and  Sweden.  The  Durham  coast,  howeyer,  is  described  as  generally 
poor  in  Mollusca,  which  haye  a  boreal  type,  approaching  more  nearly 
to  the  Scandinayian  than  to  the  South  of  Enghmd  fauna.  Mr.  Aldcor 
giyes  a  report  upon  these,  while  Bey.  A.  M.  Norman  reports  upon  the 
Crustacea,  which  includes  specimens  of  Sacculina  and  Peltogaster, 
rare  forms  which  are  found  parasitic  upon  the  abdomen  of  yarioua 
stalk-eyed  Crustacea.  The  Echinodermata  yielded  a  rich  return, 
including  a  new  species  (Ophiura  aquamosa,  Liitken),  and  Mr.  Alder 
describes  among  Ihe  collection  of  Zoophytes  a  new  Scmpocellaria 
(Delilii),  and  other  remarkable  forms. 

In  further  proof  of  what  we  haye  obseryed  concerning  the  working 
of  this  proyincial  Society,  we  must  also  refer  to  Mr.  Hodge's  list  of 
the  British  Pycnogons  (Araneoid  Crustacea),  in  which  thirty-two 
species  are  included,  ten  of  which  are  new.  These  are  described  and 
figured  by  the  author. 

*The  Woolhope  Naturalists*  Field  Club*  principally  employs 
itself  with  the  Natural  History  of  Herefordshire ;  and  the  fifth  num- 
ber of  its  Transactions  is  chiefly  occupied  with  an  elaborate  and 
exhaustiye  treatise  on  the  '  Mistletoe  in  Herefordshire,'  by  Dr.  BulL 
This  paper  contains  a  great  amount  of  information  concerning  this 
interesting  parasite — the  mode  of  its  propagation  and  growth — the 
trees  it  liyes  upon  in  this  country — the  recorded  history  of  its  growth 
on  the  oak  in  England — and  the  romance  of  its  history  as  deyeloped 
in  times  past  and  present.  Thirty  trees  are  mentioned  as  bearing 
mistletoe,  including  apple,  seyen  species  of  poplar,  hawthorn,  crab^ 
lime,  maple,  acacia,  flowering-ash,  willow,  hazel,  alder,  sycamore,  elm, 
horse-chestnut,  &c. ;  but  the  fayourite  site  of  the  mistletoe  is  certainly 
the  apple-tree.  The  actual  numbers  were  784  trees  with  mistletoe,  and 
1,218  without  it — or  from  other  sources,  a  general  ayerage  of  34  per 
cent.  Mistletoe  is  neyer  seen  to  grow  spontaneously  upon  the  beech, 
birch,  bird  cherry,  wild  cherry,  sloe,  hornbeam,  elder,  holly,  dog- 
wood, box,  Lombardy  poplar,  sweet-chestnut,  walnut,  laurel,  nor  on  any 
other  of  the  many  introduced  yarieties  of  trees  and  eyergreeiva  Only 
six  well-authenticated  instances  are  recorded  of  its  growing  upon  the 
oak,  throughout  England,  although  others  haye  been  noticed  which 
were  either  erroneous  or  haye  now  ceased  to  exist. 

^The  Deyonshire  Association  for  the  Adyancement  of  Science, 
Literature,  and  Art,'  held  its  third  Annual  Meeting  in  July  at 
Torquay,  under  the  presidency  of  Mr.  Yiyian,  and  after  an  inaugural 
address,  seyeral  papers  of  considerable  interest  were  read,  among 
which  were : — 
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Mr.  Hearder,  of  Plymonih,  '  On  the  Preservation  of  the  Iron- 
plating  of  Wooden  Ships  from  the  Corrosiye  Action  of  Sea-water.' 
It  having  been  found  that  large  holes  had  been  made  in  a  new  5-inch 
plating,  he  proposed  to  place  gatta-percha  or  india-mbber  between 
the  iron  and  the  copper-sheathing,  and,  if  necessary,  a  band  of  zinc 
also  on  the  inside  of  the  plating,  to  prevent  even  the  possibility  of 
commimication  with  the  copper. 

Mr.  Spence  Bate  described  a  kitchen-midden  recently  fomid  in  the 
north-east  of  Cornwall,  an  ancient  Cornish  barrow,  and  a  Bomano- 
British  bnrying-gromid.  The  midden  was  accidentally  discovered  in 
Constantino  Bay,  and  consisted  of  Umpet,  mussel,  and  whelk  shells, 
bits  of  greenstone  probably  used  as  hammers,  and  flint,  bones  of  the 
led-deer,  ox,  sheep,  and  lamb,  pieces  of  pottery,  &c.  The  midden,  he 
believed,  indicated  the  site  of  a  very  extensive  village  of  pre-historio 
man.  Near  the  pddden  was  found  a  barrow,  or  circular  mound,  100  feet 
in  diameter.  Within  it,  in  a  cavity  covered  by  a  stone,  had  been  found 
an  earthenware  vase  containing  human  bones  partly  burnt.  The 
burial-ground  was  discovered  in  making  the  excavations  from  Fort 
Stamford,  near  Plymouth.  Underneath  blocks  of  limestone  had  been 
found  bones,  pottery,  bronze  armlets,  fibulce,  mirrors,  a  small  dagger, 
and  pieces  of  partly-decomposed  iron,  flnger-rings,  scissors,  &c. 

"Visits  to  Brixham  Caves  and  Berry  Head  gave  Mr.  Pengelly  an 
opportunity  of  calling  attention  to  extraordinary  geological  phenomena. 
The  Devonian  limestone  is  traversed  by  two  eystems  of  joints,  one 
north  and  south,  and  the  other  east  and  west.  Some  of  these  are 
occupied  by  dykes  of  fine  triassic  sandstone.  A  careful  study  of 
these  rocks  proves  that  an  almost  incalculable  period  must  have 
elapsed  since  the  joints  first  opened,  for  there  is — 1st.  The  filling  in 
of  the  east  and  west  open  joints  with  red  sand,  at  a  period  not  earlier 
than,  if  so  early  as,  tiie  commencement  of  the  Torbay  trias.  2nd. 
The  induration  of  the  sand  with  coherent  and  durable  dykes  capable 
of  being  fissured  and  faulted  without  their  sides  falling  in.  8rd.  The 
formation  of  longitudinal  fissures  in  dykes.  4th.  The  gradual  filling 
of  these  fissures,  not  with  sand,  but  by  the  precipitation  of  carbonate 
of  lime.  5th.  The  formation  of  transverse  joints  passing  in  a  north 
and  south  direction  alike  through  the  triassic  dykes  and  veins,  and  the 
pre-triassic  rocks.  6th.  The  faulting  of  the  entire  mass — crocks, 
dykes,  and  veins — ^by  inequalities  of  movement  in  an  approximately 
horizontal  direction ;  and  7th.  The  filling  in  of  the  norlJi  and  soulli 
open  joints  with  red  sand  as  in  the  first  instance,  so  as  to  form  dykes, 
passing  through  those  previously  existing,  the  two  systems  being  dis- 
tingui^ed  by  well-defined  walls,  and  a  marked  difference  in  colours. 
The  triassic  rocks,  it  should  be  remembered,  in  making  calculationB 
of  time,  are  a  mere  sub-division — and  that  the  lowest — of  the 
mesozoic  group.  These  facts  appear  to  Mr.  Pengelly  to  show  con- 
clusively that  the  rocks  in  which  they  occur,  are  the  exponents  of  n 
lapse  of  ages  great  beyond  human  conception.  This  interesting  paper 
has  been  separately  published  by  Mr.  Pengelly  with  illustrative 
figures. 

The  *  Torquay  Natural  History  Society,'  of  which  Mr.  Pengelly 
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is  president,  has  alBO  had  the  advantage  of  an  admirable  address  from 
that  gentleman ;  in  which  he  ably  reviewed  the  events  of  the  past  year, 
naturally  dwelling  upon  those  geological  discoveries  which  havecansed 
so  much  discussion  in  relation  to  &e  disputed  antiquity  of  man,  and 
gave  a  well-digested  summary  of  the  evidence  afforded  by  the  discovery 
of  the  shell-mounds  of  Denmark,  the  lake  dwellings  of  Switzerland,  the 
elephant  remains  at  Saint  Prest,  near  Chartres,  and  the  quatemaxy 
gravels  of  the  Somme.  Nor  did  the  questions  of  Anthropology  meet 
with  less  than  their  share  of  criticism ;  and  the  opinions  of  Waitz, 
Huxley,  and  others,  received  considerable  attention.  Professor  Max 
Miiller's  view  of  the  original  unity  of  all  existing  languages,  and  Mr. 
Crawfurd's  counter-view,  were  also  set  forth,  with  a  stron^y  expressed 
opinion  against  the  former.  The  whole  address  forms  an  excellent 
and  philosophic  summary  of  these  leading  scientific  topics  of  the  day 
from  the  pen  of  one  well  able  to  deal^with  them,  and  to  express  an 
independent  opinion. 

'  The  Plymouth  Institution  and  Devon  and  Cornwall  Natural  His- 
tory Society,'  is  another  active  body  in  the  West  of  England,  one  of 
whose  objects  is,  like  the  'Tyneside  Club,'  the  cataloguing  of  the 
natural  productions  of  those  counties.  The  last  published  number  of 
their  Transactions  contains  lists  of  the  manmials,  birds,  reptUes,  am* 
phibia  and  lepidopterous  insects  of  Devon,  which  cannot  fEol  to  be 
of  service  in  elucidating  the  general  natural  history  and  distribution 
of  animals  in  these  islands.  It  is  also  enriched  with  a  paper  by 
Mr.  Pengelly,  on  the  Bed  Sandstone,  Conglomerates,  and  Marls  of 
Devonshire. 

Other  Western  Societies  which  are  keeping  up  the  lamp  of  science 
with  assiduity,  are  the  '  Bristol  Naturalists'  Society,'  whose  monthly 
Proceedings  find  a  place  in  the  '  British  Daily  Post ' ;  and  the  *  Bath 
Natural  History  and  Antiquarian  Field  Club,'  whose  president  is  the 
Eev.  Leonard  Jenyns.  An  admirable  address  from  this  venerable 
naturalist  to  the  club  now  lies  before  us,  but  our  space  will  only  allow 
us  to  thus  briefly  refer  to  it. 

In  the  Eastern  district  and  near  London,  the  *  West  Kent  Natural 
History,  Microscopical,  and  Photographic  Society,'  which  has  absorbed 
the  '  Greenwich  Field  Naturalists'  Club,'  and  is  supported  by  many 
leading  scientific  men  of  London,  whose  residence  outside  the  metro- 
polis enables  them  thus  to  meet  periodically  on  Blackheath,  for  the 
prosecution  of  their  favourite  pursuits.  Of  this  club  the  excellent 
LinnsBan  Secretary,  Mr.  Currey,  is  president,  and  a  most  interesting 
address  from  him,  on  the  progress  of  science,  has  been  circulated. 

Among  naturalists'  field  clubs,  however,  none  have  met  with  so 
surprising  success  as  that  at  Liverpool  This  dub  was  established  at 
Liverpool  in  1860,  the  year  following  the  foundation  of  a  similar  club 
at  Manchester;  but  the  former  has  outstepped  the  latter,  and  its 
steadily  increasing  number  of  members  has  now  reached  about  700, 
There  can  be  no  question  that  this  club  has  done  much  to  disseminate 
a  taste  for  and  knowledge  of  natural  history,  more  especially  of  botany, 
in  Liverpool.  During  the  winter  months  periodical  meetings  are  held, 
at  which  lectures  are  delivered  and  specimens  exhibited,  in  which  the 
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aid  of  the  micrckscope  is  largely  used ;  and  in  smmner,  excursions  to 
a  greater  or  leaser  distanoe  into  the  conntiy  are  taken,  at  average 
intervals  of  three  weeks,  on  which  occasion  prizes  are  offered,  which 
are  calculated  to  stimulate  the  taste  for  botanical  pursuits.  These 
prizes  consist  of  books  of  the  value  of  half-a-guinea,  of  which  several 
are  offered  at  each  excursion,  viz,  for  the  collection,  naming,  and 
arrangement  in  natural  orders  of  the  largest  number  of  species  in 
flower ;  for  the  largest  illustration  of  some  given  natural  order ;  and 
for  the  simple  collection  of  the  largest  number  of  species  in  flower. 
In  addition  to  these,  numerous  prizes  are  offered  for  collections  to  be 
made  during  the  year,  which  have  met  with  the  most  encouraging 
success.  Nor  should  it  be  omitted  to  be  mentioned^  that  twice  has 
this  club  held  high  festival  in  the  magniflcent  St.  George's  Hall,  on 
which  occasions  extraordinary  exhibitions  of  the  most  varied  and  most 
valuable  natural  objects  have  been  made,  and  certainly  forming  the 
most  remarkable  natural  history  festivals  which  it  has  ever  been  our 
lot  to  witness. 

The  '  Cambridge  University  Natural  Science  Society,'  which  has 
sprung  from  a  University  Club,  is  a  new  Society,  and  if  we  may 
judge  from  the  earnest  spirit  of  the  address  of  its  President,  Mr.  C. 
W.  Villiers  Bradford,  it  is  one  which  is  destined  to  do  considerable 
service.     The  subject  of  the  position  of  Natural  Science  in  the 
University  curriculum,  and  the  encouragement  given  to  its  prosecu- 
tion, is  brought  forward  in  a  prominent  manner.      The  Natural 
Science  Tripos  standard  was  raised  in  1861,  so  that  a  flrst  class  in 
that  Tripos  was  equivalent  to  the  position  of  a  Wrangler.    The  numbers 
availing  themselves  of  the  Tripos,  however,  have  been  very  small, 
owing  to  the  little  encouragement  offered  by  the  University  and 
Colleges.    Out  of  twenty-two  University  prizes,  not  one  is  devoted  to 
any  department  of  Natural  Science ;  and  out  of  the  seventeen  colleges 
which  compose  this  commonwealth  of  learning,  only  three  offer  any 
pecuniary  inducement  to  scientific  study,  viz.  Caius,  Sidney  Sussex,  and 
Downing  Colleges  ;  while  no  college  has  ever  yet  given  a  fellowship 
for  Natural  Science  alone.     At  Oxford  this,  however,  is  the  case,  and 
members  of  both  Universities  are  allowed  to  compete.    So  long,  there- 
fere,  as  the  colleges  of  Cambridge  refuse  to  extend  to  science  that 
stimulus  to  energetic  work  which  every  other  branch  of  study  possesses, 
we  may  predicate  for  the  Natural  Science  school  but  a  struggle  for 
existence  there.     Few  men  who  go  to  a  University  can  afford  to  spend 
their  school  and  college  days  in  competing  for  an  empty  honour, 
while  the  same  time  and  labour  differently  bestowed  may  ensure  a 
provision  for  the  early  years  of  a  profession ;  but  when  Fellowships 
are  given  equally  for  science,  mathematics,  and  classics,  possibly  even 
a  greater  competition  may  be  expected  in  the  former  case  than  in  the 
two  latter,  and  perhaps  the  Fellows  of  colleges  foresee  this.     The 
University  prizes  are  restricted  in   their  object;    the  Scholarships 
also  are  but  partially  free  from  similar  trammels,  but  the  Fellowships 
are  entirely  in  the  hands  of  the  Masters  and  Fellows  of  colleges. 
But,  although  the  colleges  Ehow  so  little  favour  to  science,  there  are 
six  Professors  of  high  reputation,  and  also  well-stocked  geological, 
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mmeanlogical,  and  ttnatomical  musemns,  ntunerons  •  laboratoriefl,  a 
magnificent  coUection  of  scientific  books  in  the  Uniyersity  Libzaiy, 
and  an  excellent  botanic  garden ;  but  the  Professors  require  assistants, 
and  the  collections  require  curators.  We  sympathize  with  the  Cam- 
bridge Uniyersity  Natural  Science  Society  in  its  attempts  to  aronse 
the  Uniyersity  to  a  sense  of  its  shortcomings,  which  place  it  in  the 
rear  of  other  similar  noble  educational  establishments ;  and  we  hope 
that,  ere  long,  the  attenticm  which  is  thus  called  to  these  wants  may 
fulfil  the  object  which  they  haye  in  yiew,  and  that  their  laudable 
endeayours  may  be  crowned  with  complete  success. 


XL  SCIENCE  IN  ASIA, 


Obeat  were  the  adyantages  conferred  on  science  by  the  foundation  of 
the  Asiatic  Society  of  Bengal.  It  has  giyen  a  start  to  much  scientific 
inyestigation,  and  seems  to  promise  much  in  the  future.  It  is  on  the 
point  of  conferring  an  immense  benefit  on  society  at  large  in  Calcutta  by 
placing  its  eztensiye  Museum  in  the  hands  of  the  Groyemment,  while 
it  giyes  yaluable  assistance  to  indiyidual  collectors  by  forming  a  means 
of  communication  between  zoologists  in  all  parts  of  India.  This  last 
object  it  is  intended  to  carry  out  according  to  a  plan  proposed  by  Mr. 
C.  Home,  by  means  of  lists  of  aU  naturaUsts,  numismatists,  and  others 
who  wish  to  enrol  themselyes  as  desirous  of  exchanging  their  duplicate 
specimens.  It  is  not  intended  to  confine  these  lists  to  members  of  the 
Society,  but  to  admit  all  who  are  willing  to  join.  Other  scientific 
bodies  are  coming  into  existence,  amongst  which  we  may  mention  the 
Dalhousie  Institute,  which  has  had  a  site  afforded  it  by  the  Goyem- 
ment,  on  which  a  suitable  building  is  to  be  erected  as  soon  as  an 
opportunity  is  offered  for  the  Gk>yemor-General  to  lay  the  foundation 
stone.  At  Allahabad,  moreoyer,  a  museum  and  a  library  are  on  the 
point  of  being  established.  A  circular  has  been  issued  by  Dr.  Cun- 
ningham, the  curator  and  secretary  of  the  future  institution,  to  all  the 
Goyemment  officials  to  collect  materials  under  the  six  following 
classes : — 

A.  Specimens  illustratiye  of  antiquity,  such  as  old  coins,  MSS.» 

arms,  &c. 

B.  Baw  materials. 

C.  Agricultural  produce.     (Is  this  not  included  under  the  pre- 

ceding head  ?) 

D.  Manufactured  goods. 

E.  Specimens  illustratiye  of  natural  history. 

F.  Models  of  machinery. 

To  the  library  the  curator  hopes  to  attract  the  legacies  of  of&cers  and 
Goyemment  seryants  departing  for  Europe,  expectations  that  probably 
may  be  realized  if  we  consider  the  enormous  expense  of  carriage  which 
would  be  incurred  in  bringing  home  books.  A  site  has  not  as  yet  been 
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assigned,  but  it  is  probable  that  the  Govermnent  will  shortly  provide 
one. 

Hind^  ignorance  is  an  obstacle  to  many  investigations.  We  cannot 
bnt  rejoice  to  see  so  many  native  contributors  to  the  proceedings  of 
the  Asiatic  Society,  and  hope  that  much  enlightenment  may  gradually 
spread  amid  all  classes.  Old  religions  prejudices  are  breaking  down ; 
the  Suttee  has  disappeared.  It  appears  that  Juggernaut  does  not  so 
readily  procure  victims  as  formerly,  and  it  is  actually  proposed  to 
check  the  possibility  of  this  sacrifice  of  human  life.  But  fiirdier  than 
this,  female  education  is  gradually  engaging  the  serious  and  earnest 
attention  of  the  liberal-minded  and  influential  circles  of  the  Hindd 
community  of  Bengal.  A  Hindu  gentleman,  Baboo  Gunja  Gopal 
Ghatterjee,  has  opened  an  entirely  free  school  for  girls  on  the  western 
bank  of  the  Hooghly.  About  forty  attend,  many  of  Brahminical 
caste.  In  the  Madras  presidency  a  more  extensive  movement  has 
taken  place — ^nothing  short  of  a  complete  reformation — including  the 
endeavour  to  promote  female  education,  to  discourage  polygamy,  and 
to  encourage  the  re-marriage  of  widows.  The  reHgious  views  of  the 
promoters  of  this  movement  are  monotheistic,  and  all  sectarian  tenden- 
cies are  discarded.  But  as  a  set-off  against  these  advances  in  the 
way  of  education,  we  must  record  an  instance  of  extreme  bigotry  on 
the  part  of  some  Mahometans  in  this  same  presidency.  Two  of&cers 
who  attempted  to  visit  the  famous  tombs  of  Golconda  were  vigorously 
abused  and  then  pelted.  From  this  attack  of  three  or  four  hundred 
men  they  effectually  defended  themselves  with  whips,  but  when  their 
assailants  had  been  reinforced  by  some  hundreds  of  villagers  they 
seriously  maltreated  the  officers,  who  escaped  violence  indeed,  but  who 
had  to  return  without  visiting  the  tombs. 

The  '  Journal  of  the  Asiatic  Society  of  Bengal '  for  the  present 
year  opens  with  a  paper  on  "  The  History  of  the  Burmah  Bace,"  by 
the  Ghief  Oommissioner  of  British  Burmah,  Lieutenant-Golonel  A.  P. 
Phayre,  G.B.  This  gentleman  has  collected  his  information  from  a 
copy  of  the  chronicles  of  the  Kings  of  Burmah,  entitled  '  Maha  Badza 
Weng,'  presented  to  him  by  the  reigning  monarch,  a  man  of  some 
learning,  who  has  caused  a  new  edition  of  these  annals  to  be  compiled 
under  his  own  immediate  direction. 

The  conclusions  arrived  at  by  Lieutenant-Golonel  Phayre  from 
these  accounts  are  in  the  main  in  agreement  with  the  iJieory  of 
Prichard,  displayed  in  bis  *  Natural  ^story  of  Man,'  viz.  that  the 
Burmese  race,  in  common  with  the  peoples  to  the  north  and  west  of 
them,  have  descended  from  the  high  land  of  central  Asia  by  the 
courses  of  the  great  rivers,  and  have  thus  overspread  the  low  lands. 
Three  tribes,  the  Burmese,  the  Karens,  and  the  Mon,  seem  to  have 
found  their  way  southward  along  the  courses  of  the  Salween  and 
Meenam ;  the  &%t  and  last  of  these  reached  at  an  early  period  the 
upper  purt  of  the  valley  of  the  Irrawaddy ;  the  ELarens  remained  till 
of  late  in  the  mountains,  but  have  now  penetrated  into  the  same  valley, 
and  have  pushed  onwards  along  the  mountains  of  the  sea  coast.^  The 
traditions  of  migrations  from  India  are  supposed  to  have  been  invented 
after  their  conversion  to  Budhism  by  missionaries  from  Gangetic  India, 
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for  the  purpose  of  connecting  their  own  royal  fiunily  with  those  of  the 
reigning  Budhist  fjEimilies  in  India.  This  conversion  seems  to  have 
taken  place  whilst  the  capital  was  at  Tagonng,  since  a  Badhist  image 
was  discovered  there  inscribed  with  a  well-known  religions  text  in  Devft- 
nagri  characters,  which  bear  a  close  resemblance  to  similar  inscriptions 
at  AUahabad.  Now  the  Burmese  and  Tapaing  writing  of  the  present 
day  is  undoubtedly  derived  from  the  Deva-nagri  character,  but  it  also 
bears  upon  the  surface  of  it  a  distinct  impress  of  the  Tamulic  letters. 
We  may  well  argue,  therefore,  that  these  few  inscriptions  were  the  work 
of  the  earlier  Budhists  that  came  from  India,  and  who  seem  to  have 
settled  at  Tagoung  but  a  short  time  before  it  was  overrun  by  the 
Tatar  or  Chinese  race,  whom  the  Burmese  call  Ta-ret  or  Ta-rook. 
The  real  origin  of  the  race,  then,  was  in  the  interior  of  the  continent, 
but  their  traditions,  founded  on  religious  prejudices,  point  to  an  Indian 
birthplace. 

In  these  days,  when  pisciculture  is  becoming  attractive  both  to  the 
man  of  science  and  even  to  the  economist,  the  remarks  of  Mr.  E. 
O'Eeilly,  the  Deputy-Commissioner  of  Bassein,  on  the  immense  profits 
made  from  the  fishing  in  the  Lake  of  Clear  Water  in  the  district  of 
Bassein,  in  Burmah,  will  be  read  with  great  interest.  The  lake  to 
which  these  remarks  refer  is  of  a  peculiar  character,  having  but  one 
stream  which  flows  into  it  when  the  Irrawaddy,  and  in  consequence  the 
Bassein  and  its  dependant,  the  Dugga,  are  swollen,  and  out  of  it  when 
these  rivers  shrink  again  to  their  accustomed  channels.  The  lake 
thus  forms  a  natural  preserve,  and  from  its  ring-shape  it  affords  pecu- 
liar facilities  for  dragging.  When  the  lake  is  at  its  lowest  a  fixed  weir 
is  built  on  one  side  of  the  outlet,  and  a  drag-net,  made  of  reeds,  grass, 
and  jungle-creepers,  about  1,800  cubits  long,  is  made  on  the  other. 
This  latter  is  moved  gradually  forward  at  the  rate  of  about  forty-five 
fathoms  a-day  for  three  months,  until  it  is  brought  nearly  opposite  to 
the  village  on  the  shore  of  the  lake,  at  a  distance  from  its  mouth.  A 
bamboo  weir  is  then  erected  to  prevent  the  return  of  the  fish,  and  the 
drag-net  is  taken  to  pieces  and  reconstructed  by  the  first-mentioned 
weir,  and  then  again  dragged  back  in  a  contrary  direction  until  it 
approaches  the  village  on  the  other  side.  The  fish  are  thus  left  cooped 
up  until  the  first  showers  of  the  monsoon  have  cooled  the  water  and 
the  atmosphere,  and  then  at  the  fall  moon  in  June  the  merchants 
assemble  from  Prome,  Ava,  and  the  other  large  towns  on  the  Irrawaddy 
to  attend  the  actual  haul.  Upwards  of  forty  tons  of  fish  are  annually 
disposed  of  to  these  visitors,  some  in  the  form  of  dried  fish,  but  also  a 
large  quantity  is  bought  by  the  dealers  from  the  lower  parts  of  the 
river  alive,  and  this  is  by  them  transported  in  bamboo  cages  kept  under 
water.  In  the  whole  province  of  Pegu  it  is  calculated  that  upwards  of 
1,800  tons  of  fresh- water  fish  are  used  by  the  natives,  affording  a  very 
large  source  of  revenue  to  the  Government. 

The  condition  of  the  dependency  of  Bustar,  according  to  the 
report  of  Captain  C.  Glasfurd,  Deputy-Commissioner  of  the  Upper 
Godavery  District,  does  not  hold  out  any  great  enticement  to  the  archae- 
ologist. The  present,  as  well  as  the  late  dynasties  of  rajahs,  seem  to 
have  had  but  little  taste  or  liking  for  architecture ;  but  about  five 
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hundred  years  ago  there  reigned  in  Barsoor  a  family  of  rulers  who 
have  left  several  monuments  of  their  power,  though  the  neglect  of  later 
times  has  suffered  these  to  fall  into  abnost  total  decay.  These  ruins 
are  enclosed  by  a  wall  forming  a  square  of  about  a  mile.  Within  this 
are  the  remains  of  four  or  five  temples — ^massive,  handsome,  and  richly 
sculptured.  They  are  built  of  huge  blocks  of  gneiss,  put  together 
without  mortar.  They  owe  their  destruction  principally  to  fiie  insinu- 
ation of  the  roots  of  the  Ficus  Indica.  A  slab  of  stone  was  found 
inscribed  with  Sanskrit  and  Teloogoo  characters,  the  latter  so  anti- 
quated that  they  have  not  as  yet  been  deciphered.  A  large  tank  in 
good  repair  was  found  near  at  hand,  and  about  150  tanks  have  been 
reckoned  within  a  circuit  of  fifbeen  miles.  A  similar  enclosure  with 
temples  was  found  at  Duntewara,  on  the  western  bank  of  the  Dunkunee ; 
but  at  Madhota,  one  of  the  ancient  capitals  of  the  district,  no  ruins 
beyond  mud  walls  were  to  be  found. 

The  hot  springs  of  India,  not  including  petroleum  wells,  have  been 
enumerated  by  Eobcrt  de  Schlagintweit,  Esq.  They  amount  to  ninety- 
nine  in  number.  The  hottest  ^202°  Fahr.)  is  at  Manikarn,  in  Kulu, 
amongst  the  Himalayan  provinces,  and  is  5,587  feet  above  the  sea- 
level.  The  highest  is  at  Mom4i,  in  Sikkim,  in  the  same  locality,  and 
is  about  16,000  feet  high  ;  the  heat  is  llO""  Fahr. 

The  original  papers  end  with  a  memorandum  on  some  ancient  tiles 
found  at  Fugan,  which  have  Budhist  figures  and  inscriptions  on  them. 

Amongst  the  proceedings  of  the  Society  it  is  interesting  to  observe 
how  much  mutual  assistance  is  evinced  between  the  promoters  of 
Oriental  literature  in  Europe  and  those  in  Asia.  Dr.  Weber  writes  an 
account  of  the  progress  of  such  work  in  Europe,  especially  in  Germany, 
noticing  the  appearance  of  the  second  volume  of  Fictet's  'Origines 
Indo-Europ<^ennes,'  and  regretting  the  scholastic  employments  of 
Kuhn  did  not  allow  him  to  devote  his  whole  time  and  attention  to 
comparative  mythology.  A  discussion  on  the  Andaman  Islanders 
arose  at  one  of  the  meetings,  after  a  paper  read  by  the  Bev.  Wm. 
Corbyn.  We  are  very  glad  to  perceive  that  the  indolent  and  un- 
scientific argument  that  when  a  civilized  and  powerful  race  comes 
in  contact  with  an  ignorant  and  degraded  people,  the  .extermination  of 
the  latter  must  follow  as  a  natural  consequence,  was  met  and  combated 
by  Mr.  Cowell  (whose  return  to  England  in  consequence  of  ill  health 
will  be  a  great  loss  to  this  Society,  to  the  college  of  which  he  is  such 
a  distinguished  professor,  and  to  Indian  literature  generally)  and  also 
by  the  president.  The  latter  adduced  as  an  instance  in  point  the  case 
of  the  Laps  in  conjunction  with  the  Bussians.  That  nation  has 
neither  decreased  in  numbers  nor  deteriorated  in  condition  since  the 
commencement  of  the  last  century ;  but  then  they  have  neither  been  sub- 
ject to  the  example  of  the  most  degraded  specimens  of  vicious  civiliza- 
tion, harassed  by  petty  injustice,  nor  enticed  into  such  courses  as  must 
lead  to  their  destruction.  Great  praise  is  due  to  Mr.  Corbyn  for  what 
he  has  done  and  is  doing  for  this  almost  hopeless  race  of  human 
beings. 

The  journal  concludes  with  an  elaborate  abstract  of  the  meteoro- 
logical obseryations  taken  at  the  Surveyor-General's  office  at  Calcutta, 
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£rom*  August,  1863,  to  the  «nd  of  the  year.    The  followfaig  xesolts 
may  be  noticed : — 


99 
99 
99 
99 


9J 
99 
99 
99 


99 


99 


99 


99 


Themaximmn  height  of  the  barometer  was  on 

December  19th,  at  10  a.m. 
The  minimum  height  on  the  17th  Angns^  at 

5  a.m.          .         .         .         .         • 
The  mean  daily  range  of  the  barometer  dur- 
ing August  

September 
October 
November 
December 
The  greatest  range  of  the  barometer  in  one 

month  was  in  October,  of  an  inch      . 
The  maximum  temperature  in  August   . 

September 
October  . 
November 
„  „  December 

The  minimum  temperature  in  August  . 

September 

October  . 

November 

December 

The  total  amount  of  rain  that  fell  in  August 

(24  days) 

September  (23  days) 
October  (9  days) 
November  (3  days) 
December 


99 
99 
99 


99 
99 
99 


99 
99 
99 
99 


99 
99 
99 
99 


99 
99 


99 


99 


99 
99 


99 
99 


99 
99 
99 


Inches. 
80-153 
29-35 


0 


99 


109 
124 
124 
125 
134 


•48 
90-6 
90-6 
90-4 
86-3 
79-7 
75-4 
77-8 
72.2 
61-6 
56-4 

141 

10-33 

3-48 

1-26 

nil. 


1864.J  (    716    ) 


REVIEWS. 


THE  SCIENCE  OP  LANGUAGE.* 

The  Science  of  Langaage  is  in  one  point  of  view  the  youngest  of  the 
sciences.  Though  we  can  scarcely  imagine  a  period  at  which  this 
subject  was  not  studied  in  an  empirical  manner,  still,  as  a  science 
resting  on  induction  and  logic,  it  has  existed  but  a  few  years.  Thus  it 
is  scarcely  possible  to  state  a  period  at  which  the  history  of  Philology 
should  begin,  but  it  is  only  of  late  years  that  anything  like  scientific 
arrangements  or  definite  laws  have  been  discovered. 

As  before  geology  was  studied  scientifically,  many  a  collector  pos- 
sessed a  museum  containing  curiosities  from  his  own  neighbourhood, 
illustrating  a  particular  class  of  rocks,  so  before  philology  (or  Lin- 
guistics, as  Mr.  Marsh  would  call  it)  had  arrived  at  well-ascertained 
laws  or  systematic  classification,  many  a  student  of  one  or  two  lan« 
gnages  had  collected  specimens  of  "  fossil  history  and  fossil  poetry  " 
dug  from  the  mines  of  dusty  books,  even  preserved  from  the  rubbish- 
heaps  lying  at  his  doors,  aU  which  material  will  one  day  be  arranged 
and  labelled  and  inserted  in  catalogues,  causing  their  language  to 
become  to  the  learned  "  a  dictionary  of  flEtded  metaphors." 

The  man  who  seems  to  have  been  the  first  to  recognize  the  neces- 
sity of  extensive  induction  before  general  laws  could  be  discovered 
was  Leibnitz,  the  contemporary  of  Newton.  Li  order  to  place  this 
study  on  a  really  philosophical  basis,  he  entreated  all  those  who  had 
any  chance  of  assisting  him — such  as  missionaries,  travellers,  &c.~4o 
collect  the  elements  of  whatever  strange  dialects  it  might  be  their 
fortune  to  meet  with.  Leibnitz  possessed  the  advantage,  not  common 
to  great  thinkers,  of  being  intimate  with  some  of  the  leading  political 
chiuracters  of  his  day,  and  amongst  others  with  the  Czar,  Peter  the 
Great.  To  the  Emperor  of  all  tibe  Eussias  this  philosopher  pointed 
out  the  immense  advantage  that  might  be  derived  at  small  cost  to  the 
Russian  Grovemment,  if  he  would  cause  the  numerous  dialects  of  the 
various  races  under  his  rule  to  be  committed  to  writing.  No  imme- 
diate fruit  resulted  from  this  advice,  but  nearly  a  hundred  years  later 
the  Empress  Catharine  took  up  the  idea,  and  devoted  a  considerable 
amoimt  of  time  to  the  work  of  compiling  a  Comparative  Dictionary. 
For  this  purpose  she  procured  lists  of  words,  not  only  from  her  own 
enormous  dominions,  but  by  means  of  ambassadors  from  various  parts 

*  '  Lectares  on  the  Science  of  Langnaj^e '  delivered  at  the  Royal  Institution  of 
Great  Britain  in  Febroary,  March,  Apru,  and  May,  1863.  Beoond  Series.  By 
Max  Miiller,  Fellow  of  All  Sonls  College,  Oxford  ;  Gorrespondant  de  rinstitut 
de  France.    London:  Longmans,  1864. 

*  Philological  Papers.'  By  J.  A.  Picton,  F.SA.,  President  of  the  Literary  and 
Philoeophiau  Society  of  Liverpool,  1864.    Printed  for  private  circulation  only. 
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of  the  known  world,  even  fi:om  the  Indians  of  North  America,  specimens 
of  whose  languages  were  procured  for  her  by  Washington.  In  this 
dictionaiy  283  words  were  translated  into  51  European  and  149  Asiatio 
languages.  The  suggestions  of  Leibnitz  gave  rise  during  the  last 
century  to  other  works  of  a  similar  character,  ^  The  Catalogue  of  Lan- 
guages '  by  Hervas,  and  the  *  Mithridates '  of  J.  C.  Adelung.  But 
that  which  gave  the  greatest  impetus  to  the  study  of  Philology  was 
the  commencement  of  the  knowledge  of  Sanskrit  in  Europe.  The 
first  Europeans  who  acquired  any  knowledge  of  this  tongue  were 
certain  Jesuit  missionaries:  missionaries  have  frequently  been  the 
first  to  become  acquainted  with  the  speech  of  uncivilised  tribes. 
Bobert  de  NobiU,  in  1606,  was  the  first  to  acquire  a  knowledge  of  this 
tongue,  by  adopting  the  habits,  costume,  and  to  a  certain  extent  the 
religion  of  the  Brahmins.  The  French  missionaries  sent  by  Louis  XIY . 
under  Father  Pons,  in  1697,  followed,  and  their  works  excited  the  first 
curiosity  felt  in  Europe  on  the  subject  of  the  language.  The  first 
grammar  was  published  in  Bome,  in  1790,  by  Johann  Philip  Wesclin, 
better  known  as  Paulinus  a  Santo  Bartolemeo.  The  early  members 
of  the  Asiatic  Society  of  Bengal,  the  great  Sir  William  Jones,  Carey, 
Wilkins,  Foster,  Colcbrooke,  and  others,  studied  assiduously  ihe  lite- 
rature of  the  Brahmins,  and  published  tiie  results  of  their  labours  for 
the  benefit  of  other  Europeans. 

Frederick  Schlegel  happened  to  be  in  England  at  the  time  when 
Sanskrit  first  became  a  subject  of  general  discussion  among  the  learned. 
With  the  prophetic  insight  of  the  poet,  he  saw  at  a  glance  the  wide- 
spread connection  of  the  languages  of  the  peoples  reaching  from  the 
Gkmges  to  Iceland,  and  chronicled  his  idea  in  the  scarcely  yet  super- 
seded word — Indo-European.  Since  then,  step  by  step,  the  science 
has  gained  footing  among  the  learned  men  of  Germany,  of  England, 
of  fSrance,  and  of  India. 

.  There  are  several  reasons  why  philology  should  be  studied  in 
England.  In  the  first  place  there  is  the  mixed  nature  of  our  own 
language;  on  a  groxmdwork  of  Saxon  phraseology  and  of  Saxon 
grammar  we  have  grafted  what  in  many  cases  differs  but  little  from  it, 
a  good  deal  of  Norse,  much  more  Norman-French,  and  in  the  more 
scientific  subjects  Latin  and  Greek  terms  in  abundance.  Again,  be- 
longing thus  to  the  Low-German  family  of  tongues,  the  language  from 
which  most  of  us  gain  our  knowledge  of  grammar  and  our  first  acquaint- 
ance with  a  mode  of  speech  not  our  own,  is  the  Latin,  one  of  the  family 
of  classical  tongues.  And  lastly,  our  extensive  dominions  in  the  East 
demand  on  the  part  of  many  of  our  most  independent  thinkers  an 
acquaintance  with  the  eldest  sister  of  the  classical  feimily,  viz.  Sanskrit, 
an  acquirement  which,  on  their  return  to  Europe  unconnected  with 
the  politics,  the  science,  or  the  fashion  of  the  day,  gives  employment 
to  a  learned  leisure  more  consonant  with  its  previous  employments. 
Thus  philology  in  England  has  employed  the  horM  subsecivas  of  many 
of  our  quiet  thinkers,  whilst  the  increasing  demand  for  genuine 
classical  education,  combined  with  a  knowledge  of  modem  languages 
of  the  Eomance,  or  High  German  type,  serves  to  introduce  the  youth 
of  our  time  to  the  principal  branches  of  the  Aryan  family.     The 
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thorough  mastery  of  grammar,  moreoyer,  demanded  by  the  Universities 
paves  the  way  for,  and  almost  demands,  some  attention  for  Com- 
parative Grammar.  Thus  in  England  lectures  on  the  Science  of 
Language  both  at  Oxford  and  in  London  are  attended  by  a  large  and 
varied  audience ;  and  we  have  no  doubt  that  Mr.  Picton,  at  Liverpool, 
received  the  same  attention  from  the  learned  societies  for  his  interest- 
ing and  instructive  papers  as  Professor  Max  Miiller  obtained  for  his 
deeper  and,  therefore  to  the  multitude,  less  interesting  communi- 
cations, written  in  such  English  as  few  Englishmen  can  hope  to  attain, 
and  delivered  with  an  accent  so  slightly  foreign  as  to  cause  in  the 
hearer  envy  of  such  facility  in  acquiring  a  strange  tongue.  The  style 
of  the  author  throughout  is  so  fascinating,  so  clear,  and  so  well  calcu- 
lated to  lead  one  to  admire  the  subject  on  which  he  dilates,  that  it  is 
with  dif&culty  we  refrain  from  quoting  long  passages  from  this  work 
on  a  subject  which  most  people  are  wont  to  think  dry  and  uninterest- 
ing. We  are  sure  the  extracts  we  do  give  will  bear  out  this  remark. 
We  can  only  regret  that  we  must  spoil  much  by  abridgment,  and  we 
hope  we  may  induce  our  readers  to  imbibe  more  copiously  firom  this 
"  pure  well  of  English  undefiled." 

The  sources  whence  the  science  of  language  expects  to  receive 
additions  are  manifold.      The  languages  of  remote  and  barbarous 
peoples— for  instance,   Southern  Africa  and  Polynesia — contribute 
their  share  of  enlightenment  to  the  missionaries  who  study  them ;  but 
nearer  home,  in  the  dialects  of  our  own  villagers  and  of  our  ancestors, 
the  more  stay-at-home  people  may  find  not  only  amusement  but  in- 
struction, and  may  deduce  from  what  they  there  find,  generalizations 
that  will  throw  much  light  on  investigations  of  subjects  less  well 
known.     Thus  the  expressions,  **  He  is  a-going,  I  am  a-coming,"  &c., 
afford  the  Professor  an  opportunity  for  a  dissertation  of  some  pages, 
and  a  comparison  with  not  only  Anglo-Saxon,  Gothic,  and  Old  and 
Modem  High  German,  but  also  with  the  distinct  dialects  of  French, 
Bengali,  and  Bask.     From  these  comparisons  we  may  find  principles 
that  will  hold  good  in  the  ancient  tongues ;  thus  all  alike  assist  in  the 
research  ;    modem  forms  throw  b'ght  upon  antiquity ;   agglutinative 
explains  inflectional  formation;   whilst  the  radical  stage  of  Chinese 
and  its  neighbours  explains  the  earliest  condition  of  fiie  Aryan  and 
Semitic  families.      The  rapid  change  in  the  languages  of  nomadic 
tribes  is  seldom  sufficiently  reckoned.    Whilst  the  antiquity  of  Man 
upon  this  earth  is  being  supported  by  every  possible  argument,  the 
yet  imbridged  gulf   between  the  Aryan  and  the  Semitic  £a.milies 
affords  a  specious  argument  for  an  enormous  lapse  of  time  between 
the  separation  of  these  peoples  and  the  subdivision  of  the  families 
themselves.     But  if  this  rapid  variation  of  the  dialects  of  nomadic 
tribes  be  considered,  this  period  should  be  greatly  shortened  if  we  can 
trace  any  analogy  whatever  between  the  tongues.    Li  this  matter  much 
still  remains  to  be  done,  yet  there  are  many  points  of  contact  that 
cannot  be  ignored,  and  when  these  are  more  clearly  developed,  we 
think  the  enormous  ages  must  be  somewhat  shortened.    Professor 
Miiller  does  not  bring  forward  this  argument,  but  he  gives  several 
instances  of  the  peculiar  causes  which  lead  to  change  in  unsettled  and 
VOL.  I.  3  c 
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unwritten  tongues,  causes  which  would  never  oocnr  to  onr  minds  were 
not  instances  brought  tinder  oar  notice.  A  remarkable  case  is  as 
follows : — 

"  The  Tahitians,  besides  their  metaphorical  expressions,  have  another 
and  more  singular  mode  of  displaying  their  reverence  towards  their  king,  by 
a  custom  which  they  call  Tepi,  They  cease  to  emplov  in  their  common 
language  those  words  which  form  a  part  or  the  whole  of  the  sovereign's  name, 
or  that  of  one  of  his  near  relatives,  and  invent  new  terms  to  supply  their 
place.  As  all  names  in  Polynesian  are  significant,  and  as  a  chief  usually  has 
several,  it  will  be  seen  that  this  custom  must  produce  a  considerable  change 
in  the  language.  It  is  true  that  this  change  is  only  temporary,  as  at  the 
death  of  king  or  chief,  the  new  word  is  dropped  and  the  original  term  re- 
sumed. But  it  is  hardly  to  be  supposed  that  arter  one  or  two  generations  the 
old  word  should  still  be  rememoered  and  reinstated.  Anyhow  it  is  a  fact 
that  the  missionaries,  bv  employing  many  of  the  new  terms,  give  them  a 
permanency  which  will  defy  the  ceremonial  loyalty  of  the  natives. 
Vancouver  observes  that  at  the  accession  of  Otu,  which  took  place 
between  the  visit  of  Cook  and  his  own,  no  less  than  forty  or  fifty  of  the 
most  common  words  which  occur  in  conversation  had  been  entirely 
changed.  It  is  not  necessary  that  all  the  simple  words  which  go  to  make 
up  a  compound  name  should  be  changed.  The  alteration  of  one  is 
esteemed  suflGicient :  thus  in  Po-mare,  signifying  **  the  night  (Po)  of 
coughing  {mare)^  only  the  first  word  Po  has  been  dropped,  mi  being  used 
in  its  place.  So  in  Ai-mata  (eye  eater),  the  name  of  the  present  queen, 
the  Ai  (eat)  has  been  altered  to  amu,  and  the  maia  (eye)  retained.  In 
Te-arxtHm-vahorToa  (the  chief  with  a  large  mouth),  roa  alone  has  been 
changed  to  maoro.  It  is  the  same  as  if  with  the  accession  of  Queen 
Victoria  either  the  word  victory  had  been  tabooed  altogether,  or  only  part 
of  it,  for  instance,  tori^  so  as  to  make  it  high  treason  to  speak  during  her 
reign  of  Tories,  this  word  being  always  supplied  by  another  such,  for 
instance  as  Liberal  Conservative.  The  object  was  clearly  to  guard  against 
the  name  of  the  soverei^  being  ever  used,  even  by  accident,  in  ordinary 
conversation,  and  this  object  is  attained  by  tabooing  even  one  portion  of 
his  name."  * 

Another  cause  of  variation  is  found  more  especially  among  the 
Kafirs.  The  women  never  pronounce  any  word  which  contains  a 
sound  similar  to  the  names  of  their  male  relatives.  In  many  lan- 
guages the  influence  of  women  has  given  a  peculiar  turn  to  the  speech 
of  l£e  whole  nation.  Thus  Dante  ascribed  to  the  ladies  of  Italy,  who 
did  not  understand  Latin,  the  first  patronage  of  literature  in  the  vulgar 
tongue.  Our  author  goes  on  to  divide  many  languages  into  two 
dialects ;  "  one  showing  a  more  manly,  the  other  a  more  feminine, 
character."  He  instances  "  Greek  in  it»  dialects,  the  .^olic  and  the 
Ionic,  with  their  subdivisions  the  Doric  and  Ionic  ;*'  High  and  Low 
Crerman ;  in  Celtic,  the  Gkulhelic  and  Cymric ;  in  India,  the  Sanskrit 
and  Prakrit ;  and,  following  the  suggestion  of  Orimm,  he  believes — 

"The  stem  and  strict  dialects,  the  Sanskrit,  the iSolic,  the  Gadhelic,  to 
represent  the  idiom  of  the  fathers  and  brothers,  used  in  public  assembUes ; 
while  the  soft  and  simpler  dialects,  the  Pr&krit,  the  Ionic,  and  the  Cymric, 
sprang  originally  from  the  domestic  idiom  of  mothers,  sisters,  and  servants 
at  home.** 

*  P.  34. 
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To  this  we  mnst  demur  thai  whilst  the  Molic  and  lonio,  the  High 
and  Low  Grerman,  the  Gadhelic  and  Cymric  were  contemporaneous 
and  concnrrent,  the  Pr&krit  was  a  corruption  and  successor  of  the 
Sanskrit ;  that  supposing  the  Ionian  might  be  considered  more  po- 
lished and  more  effeminate  than  the  iBolian,  the  Englishman,  the 
Dutchman,  and  the  Dane  have  never  shown  themselves  inferior  in 
courage  (though  they  may  have  been  in  numbers)  to  the  Prussian  or 
the  Austrian.  With  all  respect  for  Grimm  and  for  Professor  Max 
Miiller,  we  must  dissent  from  a  doctrine  which  is  methodical  enough 
to  have  issued  from  a  French  bureau. 

With  one  of  the  author's  conclusions,  on  which  he  lays  much 
emphasis,  we  cannot  bring  ourselves  to  agree.  He  says :  *'  Wiihaui 
speech  no  reaeon,  without  reason  no  speech"  *  And  again :  ^'  We  can- 
not realize  general  conceptions,  or,  as  they  are  called  by  philosophers, 
nominal  essences,  such  as  animal,  tree,  man,  without  names ;  we  cannot 
reason  therefore  without  names  or  without  language.'*  f  It  may  be 
that  in  our  present  condition  as  civilized  beings,  having  a  language 
on  which  to  rely,  we  usually  do  not  reason  without  language.  It  may 
be  that  children  before  they  can  speak  do  not  reason,  and  it  may  be 
that  the  whole  logical  syllogism  cannot  be  developed  without  the  use 
of  language.  But  are  we  in  a  condition  to  judge  of  those  who  had  no 
language  ?  Did  not  reason  exist  in  the  mind  previously  to  the  utter- 
ance of  language  ?  Do  we  not  even  see  the  ghmmerings  of  reason 
existing  in  animals  in  whom  we  find  no  language  ?  Professor  Huxley 
declares  that  language  is  the  only  differentia  of  man  perceptible  by  the 
senses ;  but  are  we  to  deny  to  the  whole  brute  creation  that  reason 
which  has  of  late  years  been  able  to  trace  its  own  image  reflected  in 
that  darkened  glass  which  indifference  and  laziness  have  termed  in- 
stinct ?  We  might  as  well  say,  as  many  a  so-called  logician  would 
say,  that  reasoning  could  not  exist  without  a  syllogism.  This  is  per- 
fectly true  in  a  certain  sense.  We  cannot  arrive  at  certain  ends  with- 
out a  certain  amount  of  machinery  as  a  rule,  but  still  we  do  not  know 
whether  we  cannot  arrive  at  those  ends  without  the  machinery  if  we 
have  not  the  ordinary  means  at  hand.  All  reasoning  must  be  capable 
of  being  put  into  the  form  of  a  syllogism,  and  ^erefore  must  be 
capable  of  being  put  into  words,  but  we  cannot  put  ourselves  entirely 
into  the  position  of  those  who  have  no  words  to  use,  and  therefore  we 
cannot  tell  whether  they  could  not  reason  without  words  in  such  a 
form  as  we  should  be  able  afterwards  to  put  into  words.  In  one  case 
the  author  gives  an  instance  against  himself.     He  says — 

*'The  history  of  religion  is  in  one  sense  a  history  of  language.  Many 
of  the  ideas  embodied  in  the  language  of  the  Gospel  would  have  been  iu- 
comprehensible  and  inexpressible  alike,  if  we  imagine  that  by  some 
miraculous  agency  they  had  been  communicated  to  the  primitive  mhabit- 
ants  of  the  earth.  Even  at  the  present  moment,  missionaries  find  that 
they  have  first  to  educate  their  savage  pupils,  that  is  to  say,  to  raise  them 
to  that  level  of  language  and  thought  which  had  been  reached  by  Greeks, 
Romans,  and  Jews,  at  the  beginninfl^  of  our  era,  before  the  words  and 
ideas  of  Christianity  assume  any  reanty  to  their  minds,  and  before  their 
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own  native  language  becomes  strong  enough  for  the  purposes  of  translation. 
Words  and  thoughts  here  as  elsewhere  go  together ;  and  in  one  point  of 
view  the  true  history  of  religion  would,  as  I  said,  be  neither  more  nor  less 
than  an  account  of  the  various  attempts  at  expressing  the  inexpressible." 

Here,  at  least,  it  is  quite  clear  that  the  words  are  entirely  wanting 
because  the  ideas  are  unknown,  but  the  idea  must  first  be  formed,  and 
the  word  follows  as  a  matter  of  course.  To  take  the  old  metaphor, 
the  shadow  ./o2Zou78  the  substance ;  it  is  quite  true  we  cannot  separate 
the  one  from  the  other ;  the  Peter  Schlemihl  process  is  inhuman  and 
monstrous,  but  the  substance  is  antecedent  to  the  shadow  according  to 
all  logic.  The  word  ayairvj  existed  before  St.  Paul's  time  undoubt- 
edly ;  here  the  coming  event  cast  its  shadow  before ;  but  Christian 
charity  existed  in  the  tiioughts  and  in  the  life  of  the  Apostle  before 
the  Epistle  to  the  Corinthians  was  penned.  Again,  many  a  mathe- 
matician sees  clearly  the  whole  reasoning  of  the  proposition  without 
going  through  a  word  of  it ;  but  to  put  this  reasoning  into  words  is  a 
long  and  laborious  process  afterwards.  A  glance  at  a  diagram  places 
the  whole  train  of  thought  instantaneously  before  his  mind,  which  it 
may  require  hours  to  reduce  to  words.  The  truth  of  the  matter  is, 
Professor  Miiller  has  for  once  been  led  away  by  words.  Clearly  as  he 
is  able  to  see  the  tendency  that  words  have  to  cloud  the  brightest 
intellect,  he  has  allowed  the  Greek  Logos  to  confuse  his  own  mind. 
The  collection  of  instances,  the  conception  and  birth  of  the  idea,  and 
the  naming,  that  it  may  be  known  by  others,  are  distinct  processes. 
And  again,  Professor  Max  Miiller  instances*  a  statement  of  Herodotus, 
^'  that  the  Pelasgians  for  a  long  time  offered  prayer  and  sacrifice  to  the 
gods  without  having  names  for  them,"  though  he  says  this  ^*  rests  on 
theory  rather  than  fact,  yet  even  as  a  theory  the  tradition  is  ciurious." 
Thus  a  Greek,  in  spite  of  his  own  language  (and  we  know  how  much 
the  language  of  Greece  and  the  fanciful  derivations  of  its  philosophers 
influenced  their  theories),  separated  the  logos  spoken  from  the  logos 
unspoken.  Herodotus,  who,  truthful  and  honest  as  he  was,  was  not 
more  clear-headed  than  Plato  and  Aristotle,  yet  could  allow  a  dis- 
tinction that  our  great  philologist,  who  usually  knows  so  well  the 
value  of  words,  f  mere  words,  does  not  see  and  will  not  allow. 

The  second  lecture  enters  into  an  elaborate  account  of  Bishop 
Wilkins'  proposal  for  a  universal  language.  The  artificial  is  here 
plainly  distinct  from  the  natural.  The  next  step  is  to  go  back  as  far 
as  investigation  will  allow  towards  the  origin  of  language.  Here  roots, 
not  letters,  seem  at  present  to  be  the  "  ultimate  residuum  of  complete 
analysis  "  of  a  class  of  languages.  These  roots  give  us  all  the  words 
with  which  we  are  acquainted,  but  how  these  roots  originated  does  not 
at  present  appear,  at  least  so  says  the  professor.  The  theory  of 
onomatopoeia  has  been  so  obstructive  to  real  philological  progress,  that 
we  cannot  be  surprised  that  it  is  not  allowed  standing-room  in  the 
new  science.  The  bow-wow  theory,  as  Max  Miiller  calls  it,  receives 
hard  treatment  both  in  these  and  in  the  former  lectures.     Boots  must 
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have  originated  in  some  way ;  either  the  sound  of  the  object  or  the 
expression  of  the  subject  must  have  been  the  earliest  utterance.  It  is 
quite  possible  that  tibe  actual  name  for  a  horse,  or  any  other  natural 
object  as  we  at  present  describe  it  by  its  name,  may  have  originated  in 
some  particular  quality  which  has  been  considered  striking ;  but  how 
has  that  quality  received  its  name  ?  The  Lithuanian  a>8zva  (mare), 
Latin  equus,  Greek  tifTTos  (=  iKTcog),  and  the  old  Saxon  eJiUy  may  all 
have  originated  in  the  root  op ;  but  whence  this  root  with  its  significa- 
tion of  swiftness  and  sharpness?  Must  it  not  have  arisen  from  an 
imitation  of  the  sound  of  rapid  motion ;  a  swift  cutting  of  the  air 
in  sunder ;  a  hiss  ?  We  do  not  wish,  and  we  are  not  able  if  we 
wished  it,  to  "  undo  all  the  work  that  has  been  done  by  Bopp,  Hum- 
boldt, Grimm,  and  others  (including  not  least  Max  Miiller  himself) j  for 
fifty  years,"  but  we  think  that  no  one  who  enters  so  thoroughly  into  the 
subject  of  tracing  language  to  its  origin  can  with  regard  to  the  ono- 
matopoeic or  imsonic  source  of  roots  "  remain  entirely  neutral." 

We  next  proceed  to  a  discussion  of  the  alphabet.  After  our  own 
language  we  usually  suppose  that  the  alphabet  is  the  thing  we  know 
best  of  aU  our  acquirements.  How  much  there  is  still  to  learn  even 
on  this  subject  is  best  seen  from  the  work  under  review.  We  cannot 
pretend  to  give  an  abstract  of  the  author's  remarks  on  this  subject,  inas- 
much as  it  would  require  the  plates  with  which  he  illustrates  his  text 
to  make  the  matter  plain  to  our  readers.  Suf&ce  it  to  say  that  he 
relates  the  divisions  and  accounts  of  letters  given  by  writers  of  various 
nations  and  periods,  explains  the  formation  of  different  sounds  as 
revealed  by  the  laryngoscope  (a  small  looking-glass  which  enables  the 
experimenter  to  look  down  the  throat  of  the  patient  whilst  he  speaks), 
depicts  the  physiology  of  pronunciation,  and  shows  how  easily  one 
class  of  sounds  may  be  merged  into  another.  On  the  exceeding  intri- 
cacy of  this  subject  he  has  a  passage  which  we  must  quote  as  a  speci- 
men of  the  style  and  diversity  of  acquirements  of  the  learned  author : — 

''After  thus  taking  to  pieces  the  instrument,  the  tubes  and  reeds  of 
the  human  voice,  let  us  now  see  how  that  instrument  is  played  by  us  in 
speaking  or  in  singing.  Familiar  and  simple  as  singing  or  music  in  general 
seems  to  be,  it  is,  if  we  analyze  it,  one  of  the  most  wonderful  phenomena. 
What  we  hear  when  listening  to  a  chorus  or  a  symphony  is  a  commotion 
of  elastic  air,  of  which  the  wildest  sea  would  give  a  very  inadequate  image. 
The  lowest  tone  which  the  ear  perceives  is  due  to  about  30  vibrations 
in  one  second,  the  highest  to  about  4,000.  Consider  then  what  happens 
in  a  Presto,  when  thousands  of  voices  and  of  instruments  are  simultaneously 
producing  waves  of  air,  each  wave  crossing  the  other,  not  only  like  the 
surface  waves  of  the  water,  but  like  spherical  bodies,  and,  as  it  would 
seem,  without  any  perceptible  disturbance.  Consider  that  each  tone  is 
accompanied  by  secondary  tones,  each  instrument  has  its  peculiar  timbre, 
due  to  secondary  vibrations ;  and  lastly,  let  us  remember  that  all  this  cross- 
fire of  waves,  all  this  whirlpool  of  sound,  is  moderated  by  laws  which 
determine  what  we  call  harmony,  and  by  certain  traditions  or  habits 
which  determine  what  we  call  melody,  both  these  elements  being  absent 
in  the  songs  of  birds  ;  that  all  this  must  be  reflected  like  a  microscopic 
photograph  on  the  two  small  organs  of  hearing,  and  these  excite  not  only 
perception,  but  perception  followed  by  a  new  feeling  even  more  mysterious, 
which  we  call  either  pleasure  or  pain,  and  it  will  be  clear  that  we  are  sur- 
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rounded  on  all  sides  by  miracles  transcending  all  we  are  accustomed  to 
call  miraculous,  and  yet  disclosing  to  the  genius  of  an  Euler  or  a  Newton 
laws  which  admit  of  the  most  minute  mathematical  determination.** 

Having  investigated  all  the  possible  letters  in  an  alphabet,  we  may 
next  examine  what  portions  of  the  ideal  alphabet  are  possessed  by 
individual  languages.  Here  we  find  that  English  and  Hindustani, 
tongues  made  up  of  the  admixture  of  several  elements,  retain  and  blend 
the  peculiarities  of  each  of  their  component  parts.  Thus,  while  we 
possess  the  Gothic  to,  we  also  have  equivalents  coming  back  i^ain 
through  the  Norman-French  in  ^,  as  wise  and  disguise,  wily  and  guile, 
&c.  Again,  ch  and  j  are  Eomance  or  Norman,  nevertheless  these  sounds 
are  introduced  into  Saxon  words,  as  choose  (ce6san),  chew  (ceowan), 
child  (cild),  cheap  (ceap),  hirchf  finch,  speech^  much,  &c. 

The  Mohawks,  the  so-called  Six  Nations,  and  other  natives  of  North 
America,  have  no  labials.  The  Society  Islanders  have  no  gutturals,  in 
which  the  Semitic  languages  are  so  strong.  Bather  unfortimately  the 
first  Englishman  with  whom  they  became  acquainted  was  one  whom 
they  could  only  call  Captain  Tute  (CookV  a  pronunciation  that  we 
might  match  in  our  nurseries.  Dentals  exist  in  every  known  tongue, 
though  Chinese,  Mexicans,  Peruvians,  Hurons,  and  several  other 
dialects  of  both  South  and  North  America  never  pronounce  the  d. 

''So  perfect  a  langut^e  as  Sanskrit  has  no/,  no  soft  sibilants,  no  short 
e  and  o ;  Greek  has  no  y,  no  w,  no/,  no  soft  sibilants  ;  Latin  likewise  has 
no  soft  sibilants,  no  0,  ^,  v.     English  is  deficient  in  guttural  breathing, 


■^'' 


hke  the  German  ach  and  icA,"  &c.  &c. 

Hindustani  (admitting  Sanskrit,  Persian,  Arabic,  and  Turkish 
words)  has  48  consonants ;  Sanskrit,  37 ;  Turkish,  32 ;  Persian,  31 ; 
Arabic,  28 ;  Zulu  Kafir,  26,  besides  clicks ;  Hebrew,  23 ;  English,  20; 
Greek,  17,  of  which  3  are  compound ;  Latin,  17,  of  whidi  1  is  com- 
pound ;  Mongolian,  17  or  18 ;  Finnish,  11 ;  Polynesian,  10  (no  dia- 
lect has  more — some  less) ;  some  Australian  have  8,  with  three  varia- 
tions ;  the  Melanesian  dialects  have  12,  13,  14,  and  more  consonants. 
Even  when  the  same  consonant  does  occur  in  two  languages,  slight 
shades  of  difference  of  pronunciation  make  it  almost  impossible  to 
write  down  the  sounds  of  an  unknown  tongue.  An  amusing  instance 
is  given  of  an  American  gentleman  who  resided  for  a  long  time  at 
Constantinople,  but  who  was  sure  of  the  pronunciation  of  no  word  in 
the  Turkish  language  but  what  he  wrote  hactshtaach,  meaning  hakhshiah, 
L,  r  are  frequently  mistaken,  and  in  Hawaian  it  is  almost  impossible  to 
distinguish  between  k  and  t;  thus  their  late  king's  name  is  written 
indifferently  Tamehama  or  Kamehama.  Occasionally  certain  pro- 
nunciations are  slurred  over  by  certain  individuals.  Witliout  Pro- 
fessor Max  Muller's  diagrams  most  of  us  know  some  one  who  would 
call  three,  free,  and  have  heard  nothing  called  nuffen. 

Many  of  the  changes  which  have  been  reduced  to  rule  may  be  attri- 
buted to  phonetic  decay,  a  most  agreeable  euphuism  for  laziness.  Lazi- 
ness leads  us  to  drop  some  letters,  and  to  slur  over  the  pronunciation 
of  others,  combining  two  into  some  third  sound.  Thus,  pere  and  mere 
are  easier  to  pronounce  than  pater  and  mater ;  the  English  night  is 
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easier  than  the  Gennan  nacht.    The  foUowing  are  Bpecimens  of  this 
kind  of  change : — 


A,S.  hafoo    becomes  hawk. 


,y  <ia9g 

„  faBger 

„  secgan 

„  sprecan 

„  folgian 

„  morgen 

„  cyning 
weorold 


99 


» 

99 
99 
99 
99 
99 
99 


day. 

four. 

say. 

speak. 

follow. 

morrow. 

king. 

world. 


A.8.  nawiht 
hl&ford 
hloefdige 
soeUg 
b^ton 
hedfod 
nose-thyrel 
wif-man 
Eofer-wio 


99 
99 
99 
99 
99 
99 
99 
99 


becomes  nought, 
lord, 
lady, 
silly, 
but. 
head, 
nostril. 


99 
99 

99 

99 

99 

99 

19 

99 


woman. 
York. 


Again, 

Lot.  scutarins. 
historia. 
^gyptianns. 
extranens. 
hydropsis. 
capitnlmn. 
dominiceUa. 
paralysis, 
sacristanns. 


99 
99 
99 
99 
99 
99 
99 
99 


Fr.  escoier. 
histoire. 
Egyptian, 
estrangier. 


99 
99 
99 


99 
99 
99 
99 


chapitre. 
demoiselle, 
paralysie. 
sacristain. 


Eng.  squire, 
story. 

gipsy. 

stranger. 

dropsy. 

chapter. 

damsel. 

palsy. 

sexton. 


99 

99 
99 
99 
99 
99 
99 
99 


From  laziness  a  letter  may  even  be  added ;  thus  it  is  easier  to 


pronounce — 


Eng.    thunder      than  A.S.  thunor. 
Oreek  &y$pes 


99 


99 


Eng. 


99 


99 


99 


99 


dii^fipoTia 

fji^aryju^fipia 

gender 

dumber 

embers 

cinders 

humble 


99 
99 
99 


99 


99 


99 


99 
99 


avspsg, 
d[Ji^pO€rta. 

Fr.    genre. 
A.S.  slumenar. 

„    femyrie. 
Lot,  cineres. 

„    humilis. 


We  now  come  to  the  great  principle  of  change  called  Qrimm's  law. 
The  author  introduces  this  merely  for  the  sake  of  explaining  what  he 
considers  to  have  been  the  origin  of  this  diversity.  He  gives  the  law, 
indeed,  in  all. minuteness,  and  explains  the  change  of  every  letter, 
giving  an  example  or  two ;  but  we  think  it  a  pity  that  in  the  present 
state  of  ignorance  on  these  matters  amongst  the  majority  of  students, 
there  should  be  no  work  in  the  English  language  to  which  we  could 
turn  for  so  many  examples  as  would  satisfy  t£e  seeker  after  the  most 
perfect  induction.  We  do  not  say  this  simply  to  pick  holes,  for  we 
are  thankful  enough  for  what  the  author  has  given,  a  great  deal  of 
which  is  much  newer,  and  to  deep  students  much  more  valuable, 
than  the  explanation  of  a  known  law ;  but  day  after  day  we  find  men 
who  profess  to  be  philologists,  who  have  read  many  works  on  these 
subjects,  publishing  derivations  implying  most  reckless  violation  of 
this  fundionental  change. 

And  here  we  must  take  leave  of  this  interesting  and  learned  work. 
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There  is  still  much  in  it  on  which  we  have  not  touched,  feeling  that 
it  was  better  to  go  through  carefully  the  etymological  portion,  and  to 
leave  the  mythology  possibly  for  some  fiiture  opportunity*  In  this 
latter  subject  the  author  has  done  much  service  to  a  study  of  the 
classics,  by  pointing  out  that  the  ancients  possessed  a  religion  apart 
from  their  mythology  ;  that  it  was  not  left  entirely  for  philosophers 
to  speculate  on  the  existence  of  the  gods ;  but  that  there  was  something 
beyond  the  sky  in  which  the  herdsman  and  the  slave  could  trust  and 
rely;  that  this  was  (Acts  xvii.  22,  &c.)  "  the  Lord  of  heaven  and  earth ;" 
that  ''  they  might  feel  after  him  and  might  find  him  ;  "  and  that  all 
men,  and  not  only  Jove-bom  kings  and  rulers,  *'  are  also  his  ofispring." 
How  the  layer  of  superstition  was  spread  thickly  over  all  this  deeper 
feeling  is  traceable  in  words — empty  words,  which  men  think  are  their 
servants,  but  which  are  frequently  their  masters,  and  which,  like  all 
created  things,  are  hard  taskmasters  when  they  get  the  dominion. 
This  mastery  of  words  over  men  is  not  confined  to  the  days  of  heathen- 
dom ;  the  legends  of  the  saints,  the  fairy  tales  of  our  youth,  the  stories 
of  physical  wonders  in  the  middle  ages,  have  in  many  cases  their 
origin  in  a  confusion  of  thought  arising  from  the  similarity  of  sound 
between  two  words  entirely  distinct  and  unconnected.  This  part  of 
the  subject  we  must  leave  alone,  regretting  that  we  cannot  follow 
further  through  the  author's  lucid  and  thoughtful  pages,  and  regretting 
too  that  in  many  cases  we  have  been  obliged  to  put  in  our  own  abbre- 
viated form  what  he  has  dilated  upon  with  such  elegance  and  fluency 
of  style. 

We  have  left  ourselves^but  little  space  to  speak  of  the  work  of  Mr. 
Picton.  It  is  highly  creditable  to  a  provincial  society  that  it  should 
be  able  to  elicit  such  excellent  papers  from  its  members.  The  subject 
of  the  Gothic  language,  important  as  it  is  to  us  if  we  would  understand 
the  roots  of  our  own  tongue,  is  seldom  so  carefdlly  studied  as  it 
evidently  has  been  by  our  author.  A  good  knowledge  of  Anglo-Saxon, 
Gk)thic,  and  Norse  is  becoming  every  day  more  important  to  everyone 
who  would  wish  to  master  thoroughly  his  native  English.  At  the 
same  time  it  is  well  to  see  that  the  general  afBnities  of  the  language 
are  studied  in  its  relationship  to  San^bdt.  We  are  therefore  thankful 
for  the  paper  on  *  Sanskrit  Boots.'  Of  course  in  this  paper  we  do  not 
discover  anything  very  new.  The  development  of  Grimm's  law,  and 
the  exceptions  to  it,  need  to  be  brought  clearly  before  the  general  body 
of  English  readers.  The  deeper  scholars  seem  to  be  too  much 
engaged  with  their  researches  to  find  time  to  explain  and  exemplify 
thoroughly  this  important  principle  of  philology.  We  are  therefore 
glad  to  welcome  the  exposition  of  it,  and  the  examples  given  by  Mr. 
Picton,  as  likely  to  be  read  by  many  who  would  be  afraid  of  so  large 
and  learned  a  work  as  that  of  Professor  Max  Muller.  In  his  last  paper 
on  *  Architectural  Terms '  Mr.  Picton  has  done  good  service  to  philo- 
logy, in  seeking  in  the  history  of  his  own  art  for  an  explanation  of  the 
terms  used  therein.  If  men  of  science  would  thus  chronicle  what  they 
discover  in  their  researches  in  their  own  department,  we  should  not 
have  so  many  crude  guesses  or  such  wild  metaphors  put  forth  in  the 
name  of  veritable  etymology. 
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It  is  always  a  satisfactory  consimmiatioii  when  the  labour  of  a  lifetime 
appears  before  the  world,  prepared  and  revised  under  the  immediate 
supervision  of  its  author ;  and  it  is  no  less  a  matter  of  congratula- 
tion to  see  a  man  who,  in  the  decline  of  years,  has  accompli^ed  his 
work,  and  lives  to  enjoy  the  satisfaction  arising  from  the  completion 
of  a  laborious  task.  We  therefore  congratulate  the  Natural-History 
public  upon  the  appearance  of  the  second  and  concluding  portion  of 
this  important  work,  and  we  congratulate  Mr.  BlackwaU  upon  the 
production  of  the  beautifully-illustrated  monograph  which  forms  the 
subject  of  this  notice — a  monograph  which,  for  completeness  of  detail, 
for  care  and  labour  of  research,  for  richness  and  beauty  of  illustration, 
and  for  zoological  interest,  may  well  claim  comparison  with  any  with 
which  we  are  acquainted. 

To  x)eople  in  general  there  is  something  peculiarly  repulsive  in 
the  notion  of  spiders,  and  their  rapacity  and  ferocity,  added  to  their 
cunning,  and  a  certain  indistinctness  of  information  upon  the  subject 
of  their  poisonous  properties,  place  them  under  a  general  ban,  such  as 
is  shared  by  the  toad  and  suchlike  "ugly  and. venomous"  creatures. 
And  this  has  probably  been  the  reason  why  spiders  have  met  with  so 
little  attention ;  so  that  an  investigation  of  the  natural  history  of  the 
spiders  of  these  islands  has  opened  a  field  hitherto  to  all  intents  and 
purposes  unworked.  Indeed,  all  the  Zoologists  who  have  devoted 
themselves  to  these  really  interesting  creatures  of  late  years  have  been 
Continental  observers,  particularly  those  of  France,  Sweden,  and 
Germany,  although  one  of  the  earliest  Arachnologists  was  our  distin- 
guished countryman,  Dr.  Martin  Lister.  Of  his  treatise,  published  in 
1678,  Mr.  BlackwaU  observes,  that  "in  his  admirable  IVacto^tM  de 
Araneis  he  has  given  us  a  classification  of  the  species  he  has  so  ably 
described,  founded  on  their  external  organization  and  economy,  whii 
has  formed  the  basis  of  every  subsequent  attempt,  deserving  notice,  to 
effect  a  systematic  arrangement  of  this  interesting  order  of  animals." 

The  points  of  interest  in  the  economy  and  habits  of  Spiders  are 
numerous,  and  are  likely  to  receive  especial  attention  from  new  ob- 
servers, who  will  receive  an  impulse  to  their  studies  from  the  appear- 
ance of  Mr.  Blackwall's  admirable  monograph.  The  eyes  are  taken 
as  a  simple  and  easy  basis  of  classification.  On  this  principle  three 
tribes  have  been  founded,  which  inckide  all  the  species  hitherto  dis- 
covered, viz.  Octonoculina  /eyes  8),  Senoculina  (eyes  6),  and  Binoculina 
(eyes  2).  Of  these  the  nrst  tribe  is  by  far  the  most  extensive;  the 
second  contains  ten  or  eleven  genera ;  while  the  third  has  been  con- 
stituted for  the  reception  of  a  single  genus  (Nops),  containing  two 
species  of  extra-European  spiders.  The  head  and  chest  (forming 
together  the  cephalo-thorax)  are  continuous,  but  the  head  is  easily 
distinguishable  by  the  presence  of  the  pairs  of  smooth,  simple  eyes, 

♦  *  A  History  of  the  Spiders  of  Great  Britain  and  Ireland.'    By  John  Black- 
wall,  F.L.8.    Two  Parts,  4to.     1861-4.    f  Kay  Society.) 
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by  the  falceSy  usually  bnt  improperly  termed  maQdibles,  which  are 
terminated  by  a  pointed  fang,  having  a  ginglymoid  movement,  and  by 
the  oral  apparatus*  Eight  legs  of  seven  joints  each,  having  two  or 
more  daws  at  their  extremity,  are  articulated  round  the  cephalo- 
thorax,  to  which  the  abdomen,  covered  with  a  leathery  or  homy  plate, 
is  united  by  a  short  cartilaginous  pedicle.  Of  course  the  spinning 
organs  claim  especial  attention,  consisting  of  four,  six,  or  eight  mam- 
muL®,  situated  immediately  below  the  anus,  and  each  composed  of  one 
or  more  joints,  from  the  terminal  joint  of  which  five  movable  papilhe 
arise,  whence  issues  the  viscous  secretion  of  which  the  silken  lines 
produced  by  spiders  are  formed.  These  are  connected  with  special 
organs  for  tibe  formation  of  this  secretion,  consisting  of  intestiniform 
vessels,  having  at  their  base  some  small  supplementary  canals.  The 
viscous  substance  hardens  immediately  on  exposure  to  tiie  air,  forming 
delicate  filaments,  which  unite  to  form  a  common  thread. 

The  Mces  are  used  for  seizing,  killing,  and  retaining  the  prey ; 
but  a  remarkable  function  is  claimed  for  the  palpi.  In  male  spiders, 
the  digital  joint  of  these  organs,  which  are  situated  on  the  maxiTliR, 
is  commonly  short,  oval,  and  dilated,  and  have  the  sexual  organs 
(which  are  tiius  double)  attached  within  and  partially  concealed  by  a 
cavity  on  its  under  side.  This  view  of  the  nature  of  the  palpi  was 
adopted  by  Lister,  and  recent  researches,  conducted  with  the  utmost 
caution,  have  clearly  established  the  accuracy  of  the  opinion.  In  the 
females,  the  palpi  are  for  the  most  part  terminated  by  a  curved  pecti- 
nated claw. 

Spiders  change  their  skins  several  times  before  they  reach 
maturity,  after  each  process  remaining  for  a  short  period  in  a  state  of 
great  exhaustion.  So  also,  like  Crustacea,  they  have  the  power  of 
reproducing  detached  or  mutilated  limbs,  palpi,  or  spinners,  but  only 
at  the  period  of  moulting.  Such  a  mutilated  leg  may  be  renewed  four 
or  even  six  times  consecutively  during  the  period  of  immaturity. 

The  ingeniously-constructed  nets  or  webs  which  are  so  familiarly 
known  to  all  are  of  several  kinds,  characterizing  different  groups  of 
spiders;  some  of  these  have  not  much  pretension  to  elegance  of 
design,  but  nevertheless  well  fulfil  the  purpose  of  a  snare,  for  which 
they  are  intended.  The  circular  geometric  nets  of  the  Epeirae,  how- 
ever, are  really  wonders  of  art.  An  elastic  spiral  line  thickly  studded 
with  minute  globules  of  viscid  gum,  whose  circumvolutions  are  crossed 
by  radii  converging  to  a  common  centre,  and  apparently  formed  of  a 
different  material,  being  unadhesive  and  very  much  less  elastic.  So 
also  the  central  convolutions  are  free  from  the  adhesive  material,  and 
these  form  a  look-out  station  from  which  the  spider  may  keep  watch. 
With  regard  to  the  viscidity  of  the  spiral  web,  light  has  been  thrown 
upon  its  nature  even  since  the  publication  of  Mr.  Blackwall's  work, 
the  first  part  of  which  appeared  in  1861.  He  there  calculates  that  the 
minute  globules  which  stud  the  lines  and  give  rise  to  the  viscidity  are 
so  closely  ranged  as  to  give  an  average  of  twenty  globules  upon  one- 
tenth  of  an  inch ;  and  basing  upon  this  calculation,  he  finds  that  a 
large  net  of  Epeira  apocUsa,  14  or  16  inches  in  diameter,  contains 
upwards  of  120,000  viscid  globules,  and  yet  the  spider  will  complete 
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its  snare  in  about  forty  minntes,  if  it  meet  with  no  interraption. 
Mr.  Eichard  Beck,  in  a  paper  read  before  the  Microscopical  Society 
in  1862,  stated  that,  by  examination  with  a  lens  of  a  spider  in  the  act 
of  spinning  a  geometric  web,  he  had  convinced  himself  that  when  the 
thread  left  the  spinnaret  no  dots  were  apparent,  but  that  the  change 
was  one  which  took  place  afterwards  and  gradually.  At  first,  slightly 
thicker  than  ungummed  threads,  the  viscid  secretion  soon  began  to 
form  undulations,  and  eventually  separated,  forming  globules,  hy  mole- 
cular attraction,  at  very  regular  and  veiy  minute  intervals.  It  thus 
appears  that  a  physical  law  produces  the  marvellous  results  formerly 
attributed  to  the  direct  agency  of  the  spider. 

It  will  hardly  surprise  us  to  learn  that  these  regular  webs  are 
constructed  in  absolute  darkness,  without  the  slightest  irregularity  of 
plan  or  defect  of  structure ;  nor  that  young  spiders  display  in  their 
first  attempts  the  most  consummate  skill  as  the  most  experienced  indi- 
viduals. Nor  should  the  aerial  flights  of  the  aeronautic  spiders  be 
passed  over  in  siLence — excursions  which  appear  to  have  a  migratory 
instinct  as  their  impulse.  These  flights  are  undertaken  by  the  agency 
of  long  buoyant  threads,  which  are  not  darted  from  the  spinnarets,  and 
thus  propelled  to  a  distance,  as  was  long  imagined,  but  simply  ejected 
gradually,  and  carried  upwards  at  the  same  time  that  they  are  solidified 
by  the  ascending  current  of  air. 

To  those  who  are  acquainted  with  the  garden-spider,  the  house- 
spider,  and  the  money-spinner,  and  whose  knowledge  of  Arachnology, 
perhaps,  then  meets  with  a  termination,  it  will  be  matter  of  profound 
astonishment  to  hear  that  the  laborious  and  indefatigable  researches 
of  Mr.  Blackwall  have  resulted  in  the  description  of  upwards  of  three 
hundred  species  of  spiders  as  occurring  in  Great  Britain  and  Ireland. 
These  are  distributed  through  only  thirty-four  genera,  allowing  there- 
fore an  unusual  number  of  species  to  a  genus.  Indeed,  the  genus 
Linyphia  has  thirty-three  species;  the  genus  j^petra,  thirty-one  species; 
Walcknaeray  thirty-two  species ;  and  Neriene,  forty-eight.  This  is  a 
much  larger  proportion  than  usually  falls  to  the  lot  of  a  well-consti- 
tuted genus,  and  probably  it  will  hereafter  be  found  desirable  further 
to  subdivide  such  comprehensive  genera;  although  we  do  not  for  a 
moment  call  in  question  Mr.  Bladbrall's  judgment  as  to  this  present 
arrangement.  There  is  another  circumstance  also  which  indicates 
that  the  practical  study  of  the  Arachnology  of  these  islands  is  in  its 
infancy,  and  that  is  the  fact  that  the  observers  who  have  co-operated 
with  Mr.  Blackwall  are  so  few  in  number,  the  chief  being  two  or  three 
gentlemen  well  known  for  their  attachment  to  this  branch  of  Zoology, 
viz.  Mr.  K.  H.  Meade,  Bev.  O.  Pickard-Cambridge,  Eev.  Hamlet 
Clark,  and  Mr.  J.  Hardy ;  while  the  cabinet  of  Mr.  F.  Walker,  of  the 
British  Museum,  has  yielded  many  rare  and  interesting  species ;  and 
Mr.  E.  Templeton  has  done  much  for  Ireland.  As  a  matter  of  course, 
the  researches  of  these  gentlemen  could  be  conducted  only  over  a 
limited  extent  of  country,  and  the  frequent  repetitions  of  the  same 
locality  show  at  once  the  extreme  and  praiseworthy  industry  of  these 
gentlemen,  and  the  great  need  there  is  of  energetic  search  in  other 
parts  of  the  country.     Of  course  the  vale  of  Llanrwst  has  been  well 
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scoured  by  Mr.  Blackwall  himself,  and  has  yielded  a  wonderfol 
harvest.  Cmmpsall,  near  Manchester,  Southport,  near  Liverpool,  and 
Oakland  are  localities  constantly  recurring,  from  the  accidental  cir- 
cumstance that  one  or  other  of  the  above  active  observers  have  been 
located  at  these  spots.  The  frequent  record,  too,  of  a  species  as  having 
only  once  been  met  with  proves  that  more  workers  only  are  necessary, 
not  only  to  elucidate  the  distribution  of  spiders  over  the  British  inlands, 
but  also  greatly  to  increase  the  list  which  Mr.  Blackwall  has  already 
swelled  to  so  large  a  size. 

In  concluding  this  brief  notice  of  a  work  of  great  value  and  im- 
portance, we  cannot  but  pay  a  just  tribute  to  the  Bay  Society,  imder 
whose  auspices  the  work  has  been  produced — a  beautifully-printed 
quarto  work  of  400  pages.  It  is  magnificently  illustrated  with  twenty- 
nine  plates,  containing  many  hundred  figures,  for  the  most  part  coloured, 
including  a  coloured  representation  of  every  species,  and  often  two 
such  figures  of  a  species,  and  numerous  interesting  details.  Such  a 
work  could  hardly  have  been  undertaken  by  a  private  publisher,  but 
by  such  a  subscription  society  it  has  been  produced  in  two  parts,  at 
one  guinea  each  part  to  subscribers.  There  could  be  no  stronger 
proof  of  the  value  of  such  a  combination,  and  although  the  second 
part  has  been  somewhat  delayed  on  account  of  the  plates,  we  trust  that 
the  Ray  Society  will  meet  with  additional  support  on  account  of  this 
transaction.  It  has  passed  through  some  difficulties,  but  we  hope  it 
has  seen  the  end  of  them,  and  that  under  the  direction  of  its  present 
energetic  secretary,  a  long  career  of  usefulness  may  be  before  it.  Our 
thanks  are  due  to  Mr.  Blackwall  for  his  splendid  contribution  to 
the  Zoology  of  these  islands,  and  we  may  congratulate  him  on  their 
having  been  so  admirably  laid  before  the  public,  with,  as  we  are  told, 
considerable  pecuniary  outlay  on  the  part  of  the  author. 


POPULAR  WORKS  ON  BOTANY.* 

The  study  of  Botany  has  of  late  years  been  much  extended,  both  as 
regards  the  curricula  of  universities  and  the  course  of  lessons  given  to 
the  young.  Popular  works  have  multiplied, — most  of  them  illustrated 
by  woodcuts,  plates,  or  coloured  drawings,  which  add  much  to  their 
interest  and  usefulness.  *  Rambles  in  Search  of  Wild  Flowers,*  by 
Miss  Margaret  Plues,  is  a  work  of  this  nature.  In  the  introductory 
portion  a  description  is  given,  in  familiar  language,  of  the  various 
organs  of  plants ;  the  principles  of  the  natural  system  of  classification 
are  explained;  and  the  classes  and  sub-classes  are  defined.  The 
natural  orders  are  then  described,  and  some  of  the  common  plants  in 
each  are  noticed  in  an  instructive  manner,  illustrated  by  coloured 

♦  •  RamTbles  in  Search  of  Wild  Flowers,  and  How  to  Distinguish  them.'    By 
Margaret  Pluee.    London,  1863, 

•  Rambles  in  Search  of  Flowerless  Plants.'    By  the  same  Authoress.    London, 
1864. 
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drawings,  which  upon  the  whole  are  well  executed.  In  the  coturse  of 
the  descriptions  occasion  is  taken  to  notice  the  varions  forms  of  root, 
stem,  leaves,  flowers,  and  fruit ;  and  the  youthful  readers  are  led  in  a 
yery  pleasing  and  attractive  way  to  notice  the  wild  flowers  which  are 
strewn  around  them.  Lessons  are  also  given  in  regard  to  the  plants 
of  Scripture  as  occasion  offers,  and  the  tiioughts  are  directed  to  the 
contemplation  of  the  wisdom  and  goodness  of  the  Creator.  In  one  of 
the  volumes  Miss  Flues  conflnes  her  attention  to  flowering  plants, 
beginning  at  the  Kanunculuses  and  ending  with  Grasses.  In  the  other 
volume  she  considers  the  flowerless  plants,  as  Ferns,  Mosses,  Lichens, 
Seaweeds,  and  Fungi.  These  works  cannot  fail  to  be  usefol  to  those 
who  wish  to  enter  on  the  study  of  native  plants,  and  they  are  pleasing 
companions  in  country  rambles. 


PAMPHLETS. 

On  Vitality.    By  the  Rev.  H.  H.  Higgins,  M.A.* 

Of  the  various  questions  which  the  physiologist  is  called  upon  to  con- 
sider in  the  course  of  his  researches  into  the  phenomena  exhibited  by 
organized  beings,  none  perhaps  possesses  greater  interest  than  the  one 
discussed  in  this  short  but  able  pamphlet  by  Mr.  EUggins.  Is  there, 
or  is  there  not,  a  force  resident  in  those  bodies  which,  £rom  their 
special  manifestations,  we  term  organisms  or  living  beings,  over  and 
above  those  chemico- physical  forces  the  nature  and  mode  of  action  of 
which  we  recognize  and  especially  study  in  inorganic  bodies  ?  This 
force  has  had  various  terms  applied  to  it  by  those  who  afiBnn  its  exist- 
ence, e.  g,  vital  force,  germ  force,  vital  principle,  or  vitality,  as  in  the 
pamphlet  before  u& 

The  older  physiologists,  we  may  say,  universally  believed  in  such 
a  specific  organic  force,  and  sought  in  it  an  explanation  of  most  of  the 
phenomena  to  the  investigation  of  which  they  applied  themselves.  But 
the  more  refined  methods  of  inquiry  adopted  in  recent  years  have 
proved  that  there  is  no  need  to  presuppose  the  existence  of  a  specific 
vital  force  acting  in  many  of  these  processes,  for  they  are  perfectly 
explicable  by  the  operation  of  well-known  chemico-physical  laws.  For 
it  must  ever  be  kept  in  mind  that  an  organism  is  a  material  body,  and 
as  such  is  subjected  to  the  action  of  those  forces  which  operate  in  and 
on  matter,  though  these  are  undoubtedly  modified  and  often  rendered 
more  complicated  and  difficult  to  recognize  than  in  inorganic  matter. 
Hence  has  arisen  a  physiological  school,  whose  leading  members  are 
some  of  the  most  brilliant  and  distinguished  of  living  German  physio- 
logists, who,  from  the  results  which  ^ey  have  obtained  by  applying  to 
the  investigation  of  organic  processes  the  methods  of  chemico-physical 

*  Bead  before  the  Liverpool  Literary  and  Philosophical  Society,  January  11th, 
1864. 
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researcli,  Iiave  been  led  to  deny  altogether  the  existence  of  any  specific 
vital  force.  Bat  whilst  reacQly  conceding  that  the  advocates  for  a 
special  vital  force  have  claimed  too  great  a  dominion  for  their  favonrite 
potentate,  and  that  many  of  its  supposed  subjects  are  really  under  the 
govemanoe  of  other  powers,  yet  we  are  by  no  means  inclined  entirely 
to  dethrone  it.  We  agree  with  our  author  in  believing  that  there  is 
a  series  of  phenomena  manifested  in  organized  bodies  which  cannot  be 
explained  by  chemico-physical  laws,  and  which  is  not  capable  of  being 
recognized  even  by  chemico-physical  methods  of  research. 

The  broad  line  of  demarcation  which  separates  things  animate  from 
things  inanimate  :  the  manifestation  in  the  former  of  those  processes 
which  the  physiologist  distinguishes  by  the  terms  development,  growth, 
and  maintenance — processes  which  are  exhibited  by  the  simplest  vege- 
table or  animal  cell  as  clearly  as  by  the  highest  and  most  complicated 
organism,  and  which  consist  not  in  mere  superficial  accretions  of  new 
matter  as  in  the  formation  of  crystals,  the  highest  of  all  inorganic 
forms  and  processes,  but  in  minute  interval  molecular  changes — points 
at  once  to  the  existence  in  the  former  of  a  specific  determining  power, 
no  indication  of  which  is  met  with  in  the  latter. 

"  And  if  life  were  made  up  of  forces  similar  to  those  which  act  in  vari- 
ous ways  both  on  organic  and  on  inorganic  matter,  we  might  expect  to  find 
the  transition  from  things  inanimate  to  things  animate  the  same  in 
character  with  all  other  transactions  in  nature  ;  the  border-land  would  be 
occupied  with  semi-animate  materials,  and  semi-mineral  vegetables  or 
animals,  with  instances  of  equivocal  hfe  and  products  of  doubtful  organiza- 
tion. Whereas  from  the  highest  to  the  very  lowest  organism,  the  pheno- 
mena of  life  are  distinct  and  unquestionable." 

There  is  a  class  of  scientific  observers — pseudo-scientific,  we  had 
almost  written — who  believe  that,  by  passing  electrical  currents  through 
solutions  of  albumen  or  other  nitrogenized  substances,  they  can  produce 
in  them  nuclei,  cells,  or  other  well-defined  organic  forms ;  snd  that  thus, 
by  the  operation  of  a  well-known  physical  force  on  certain  forms  of 
matter,  structures,  for  whose  production  the  vitalist  contends  that  a 
special  force  is  necessary,  may  be  generated.  But  it  has  never  yet 
been  shown  that  these  oval  or  spherical  ceU-like  forms  produced  in 
such  solutions  are  capable  of  going  through  those  processes  of  develop- 
ment, growth,  and  maintenance  which  are  the  characteristic  phenomena 
of  all  Hving  beings.  Their  morphological  similarity  has  too  hastily 
been  assumed  to  be  a  proof  of  their  teleological  identity.  As  well 
might  it  be  said  that  the  arborescent  appearance  seen  on  the  glass  in 
our  window-frames  on  a  frosty  winter's  morning  was  the  same  thing 
as  the  trees  and  other  plants  whose  form  and  method  of  branching  it 
simulates. 

We  have  not  space  to  follow  Mr.  Higgins  through  the  remainder 
of  his  carefully  reasoned  argument  that  the  vital  principle  is  a  thing 
8ui  generis,  but  in  order  to  give  our  readers  some  idea  of  its  nature  we 
reproduce  in  this  place  his  general  summary : — 

**  1st.  The  unparalleled  hiatus  which  exists  between  things  animate  and 
things  inanimate. 
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"  2nd.  The  great  dissimilarity  between  the  properties  of  the  imponder- 
ables and  those  of  vitality. 

*'  3rd.  The  difficulty  arising  from  the  hypothesis  that  the  embryo  of  a 
living  thing  is  developed  only  by  agencies  analogous  with  known  forces. 

**  The  permanence  of  form  and  structure  observable  during  many  gene- 
rations of  the  same  species. 

^  5th.  The  absence  of  any  indications  as  to  what  becomes  of  the  vital 
principle  of  death. 

"  6th.  The  periodicity  of  life." 


Natural  Histobt  m  Jena.* 

Wk  have  received  the  second  part  of  the  first  volume  of  a  new  medical 
and  philosophical  journal,  edited  by  the  Medico-Natural  Philosophical 
Society  of  Jena.  The  professors  in  the  small  Thuringian  University 
are  evidently  determined  not  to  be  outdone  by  their  brethren  in  Wiirz- 
burg,  Munich,  and  other  German  seats  of  learning.  From  the  character 
of  the  Society  under  whose  auspices  the  journal  appears,  the  articles 
have  a  more  many-sided  aspect  than  is  possessed  by  the  papers  in  the 
well-known  *  Zoological  Zeitschrift '  of  Siebold  and  Kolliker  ;  by  the 
*  Pathological,  Physiological,  and  Practical  Medical  Archive '  of 
Virchow,  or  the  *  Anatomical  and  Physiological  Archiv '  of  Miiller, 
now  edited  by  Eeichert  and  Du  Bois-Eeymond.  Accordingly  we  find 
in  it  articles,  On  Organic  Chemistry,  by  Alsberg,  Greuther,  Eeichardt, 
and  E.  Schultze ;  On  Physiology,  by  Von  Bezold ;  On  Anatomy,  by 
Gegenbaur ;  and  on  various  topics  bearing  on  Practical  Medicine  and 
Surgery  by  Gerhardt,  B.  S.  Schultze,  F.  Bied,  and  SchiUbach.  From 
the  established  scientific  and  practical  reputation  of  several  of  the 
above  writers  we  may  feel  assured  that,  if  the  journal  is  continued  in 
the  same  spirit  with  which  it  has  been  commenced,  it  will  form  a 
desirable  accession  to  German  periodical  literature.  This  blending  of 
the  scientific  with  the  practical  in  the  pages  of  the  same  publication 
is  not  without  its  advantages,  not  only  to  the  practitioners  of  medicine 
and  surgery,  but  to  all  men  who  in  the  pursuit  of  their  daily  bread 
have  to  follow  out  the  details  of  their  art  without  perhaps  making 
much  reference  to  the  scientific  principles  on  which  it  is  based.  It 
serves  constantly  to  keep  before  them  the  important  fact  that  the  two 
ought  never  to  be  dissociated. 

We  would  especially  recommend  to  the  notice  of  our  readers  the 
article,  On  the  Influence  of  the  Spinal  Cord  on  the  Circulation  in  the 
Manunalia,  by  Von  Bezold,  the  Professor  of  Physiology  in  Jena, 
known  as  one  of  the  most  able  of  Du  Bois-Eeymond's  pupils,  and  author 
of  a  Memoir  on  Innervation  of  the  Heart ;  the  paper,  On  the  Epis- 
temal  Arrangements  of  the  Skeleton  in  Man  and  Mammalia,  by  Gegen- 
baur; the  article,  On  Acetal,  by  Alsberg ;  and  the  Account  of  a  Case 
of  Besection  of  the  entire  Upper  Jaw,  by  Bied. 

*  'Jenaieche  Zeitschrift  fiir  Medidn  nnd  Natorwissencbaft'    Leipzig.    W. 
EngelmaDn,  1864. 
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The  Floba  of  thb  Cabbonipebous  Epoch  of  Nova  Sootia.* 

This  author  states  that  he  is  more  and  more  convinced  that  no  satis- 
&ctory  progress  can  be  made  in  fossil  botany  without  studying  the 
plants  as  they  occur  in  the  beds  in  which  they  are  found,  or  in  large 
numbers  of  specimens  collected  £rom  these  beds,  so  as  to  ascertain  the 
relation  of  their  parts  to  each  other.  A  catalogue  is  given  of  the 
plants,  with  descriptions  of  some  new  species.  The  au&or  comes  to 
the  following  conclusions : — 

1.  Of  192  nominal  species  in  the  list,  probably  44  may  be  rejected 
as  founded  merely  on  parts  of  plants,  leaving  about  148  true  species. 

2.  Of  these,  on  comparison  with  the  list  of  Unger,  Morris^  and 
Lesquereux,  92  seem  to  be  common  to  Nova  Scotia  and  to  Europe, 
and  59  to  Nova  Scotia  and  the  United  States.  Most  of  these  last  are 
common  to  Europe  and  the  United  States.  There  are  50  species 
peculiar,  in  so  far  as  known,  to  Nova  Scotia,  though  there  can  be  little 
doubt  that  several  of  these  will  be  found  elsewhere.  It  would  thus 
appear  that  the  coal  flora  of  Nova  Scotia  is  more  closely  allied  to  that 
of  Europe  than  to  that  of  the  United  States.  A  curious  circumstance 
as  connected  with  a  similar  relationship  of  the  marine  fauna  of  the 
period. 

3.  The  greater  part  of  the  species  have  their  head-quarters  in  the 
middle  coal  formation ;  and  scarcely  any  species  appear  in  the  upper 
coal  formation  that  are  not  also  found  in  the  former.  The  lower  coal 
formation,  on  the  other  hand,  seems  to  have  a  few  peculiar  species  not 
found  at  higher  levels. 

4.  The  characteristic  species  of  the  lower  coal  formation  are 
Lejndodendron  corrugcUum  and  Cydopteris  Acadica^  both  of  which  seem 
to  be  widely  distributed  at  or  near  this  horizon  in  Eastern  America, 
while  neither  has  yet  been  recognized  in  the  true  or  middle  coal 
measures.  In  the  upper  coal  formation  Calamites  Suckomiy  Anniilaria 
gcdioides,  SphenophyUum  emarginatuniy  Cordaites  simplex,  Alethopteris 
nervosa,  A.  muricata,  Pecopteris  arbor escens,  P.  ahbreviata,  P.  rigida, 
Neuropteris  cordaia,  Dadoxylon  materiarum,  LepidopfUois  parvus,  Sigil- 
laria  scuteiUata  are  characteristic  plants,  though  not  cozi£ned  to  this 
group. 

5.  In  the  middle  coal  formation,  and  in  the  central  part  of  it,  near 
the  greater  coal  seams,  occur  the  large  majority  of  the  species  of 
Sigillaria,  Calamites,  Lepidodendron,  and  Ferns,  some  of  the  species 
ranging  from  the  millstone-grit  into  the  upper  coal  formation,  while 
others  seem  to  be  more  narrowly  limited. 

•  By  J.  W.  Dawson.  LL.D.,  F.K.S.,  Principal  of  McGill  College,  MontrcaL 
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THE  BRITISH  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 


MEETING  AT  BATH,  Skptembbb,  1864. 

Thb  British  Association  established  itself  at  Bath  under  circmn- 
stances  which  at  once  announced  to  the  observer  of  signs  that  it  was  to 
proYe  a  success.  The  great  influx  of  members  and  subscribers,  even 
before  the  proceedings  fairly  commenced,  enabled  the  Assistant- 
Secretary  to  state  to  the  first  general  meeting  that  the  numbers  were 
rapidly  approaching  a  maximum,  inasmuch'as  no  less  than  2,309  had 
enrolled  IJiemselyes,  thus  adding  to  the  exchequer  a  sum  of  2,458Z. 
According  to  the  official  return,  however,  the  attendance  eventually 
proved  less  numerous  than  in  1863  at  Newcastle,  which  may  be  ac- 
counted for  by  the  comparatively  lower  population  of  Bath  and  the 
neighbourhood.  Among  the  visitors  were  not  a  few  distinguished  in 
the  various  walks  of  science,  and  although  some  habituSs  of  the 
Association  might  have  been  missed  from  their  places,  it  would  be 
more  easy  to  say  who  was  not  there  than  to  enumerate  the  savana  who 
might  be  seen  assisting  at  the  various  Sections.  Such  a  numerous 
meeting  folly  proves  how  popular  the  Association  continues  to  be,  and 
how  eager  are  the  residents  of  our  large  towns  to  avail  themselves  of 
the  opportunities  afforded  by  the  gathering  of  representative  scientiflo 
men  amongst  them,  and  is  a  circumstance  which  may  be  regarded  with 
satisfaction,  as  exhibiting  a  growing  appreciation  of  scientific  pursuits. 
But  then  great  numbers  have  at  Uie  same  time  their  disadvantages. 
Such  a  city  as  Bath,  although  well  provided  with  edifices  adapted  for 
moderate  numbers,  seldom  possesses  under  one  roof  space  for  such  a 
monster  assemblage  as  necessarily  assembles  at  the  general  meetings  of 
the  Association,  and  the  resources  of  its  two  most  capacious  build- 
ings have  been  severely  tried  on  these  occasions.  The  address  of  the 
President,  at  which  all  who  have  arrived  endeavour  to  be  present,  was 
delivered  in  the  handsome  theatre,  which  presented  a  brilliant  spec- 
tacle, every  available  spot  being  crowded  from  pit  to  gallery,  while 
upon  the  stage  was  assembled  around  the  distinguished  spe^er  the 
elite  of  the  intellectual  society  of  the  British  Isles.  Sir  Charles  Lyell's 
enunciation,  though  low  at  first,  soon  gained  a  distinctness  which 
caused  him  to  be  heard  in  every  part  of  the  edifice ;  his  address, 
to  which  we  devote  a  separate  article,  was  listened  to  with  marked 
attention,  and  when  he  arrived  at  that  portion  of  it  in  which  he 
declared  how  "fettered  we  have  been  by  old  traditional  beliefs," 
the  pent-up  interest  of  the  great  assembly  asserted  itself  by  continued 
applause. 

On  the  occasions  of  the  sairSee,  the  Assembly-rooms  have  been 
brought  into  requisition — apartments  well  adapted  for  such  a  purpose, 
YOL.  I.  8  n 
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and  connected  by  historical  associations  with  the  palmy  days  of  Bath. 
This  suite  of  rooms,  consisting  of  ball-room,  octagon,  and  concert- 
room,  was  densely  crowded  by  a  brilliant  company  on  the  second 
evening  of  the  meeting.  The  Sections  also  were  extremely  well  lodged, 
although  it  unfortunately  happened  that  they  could  not  all  be  placed 
under  a  single  roof.  The  distance,  however,  between  them  was  bat 
small,  and  as  soon  as  the  visitor  could  make  himself  familiar  with  their 
relative  position,  it  was  found  that  they  could  be  reached  from  one 
another  without  much  expenditure  of  time.  The  Mineral  Water 
Hospital  afforded  two  excellent  rooms,  in  which  Section  D  (Zoology) 
and  Section  E  (Geography)  were  located.  The  latter,  much  the  largest 
of  the  two,  was  however  not  too  large  for  the  numbers  which  congre- 
gated in  that  popular  Section,  and  was  always  well  filled.  Downstairs 
in  the  same  building,  the  Sub-section  of  Physiolc^,  less  generally 
attractive,  occupied  a  modest  apartment,  where  much  work,  devoid  of 
show,  was  transacted  during  the  meeting.  The  Corridor-rooms  housed 
the  Chemists  (Section  £),  who  could  not  complain  of  their  location, 
nor  of  tiheir  audience ;  though  a  considerable  ofGshoot  of  the  workers 
of  this  Section  formed  themselves  into  an  unofficial  section,  under  the 
name  of  the  Pharmaceutical  Conference,  at  which  papers  bearing  on 
Pharmaceutical  Chemistry  were  read  and  discussed.     The  Geologists 

Section  C)  occupied  the  handsome  and  spacious  Guildhall;  the 
athematicians  (Section  A)  found  ample  space  in  the  Blue-coat 
School  board-room  in  Sawclose ;  while  the  Grammar  School  in  Broad 
Street  housed  the  essentially-practical  philosophers  of  Section  G 
(Mechanical  Science).  Perhaps  the  Statisticians  (Section  F)  were  the 
only  division  which  had  any  cause  for  dissatisfaction,  the  Milsom- 
street  Booms  being  inadequate  for  their  requirements ;  but  this  was 
amply  remedied  after  the  first  day  by  their  removal  to  the  spacious 
concert-room  before  mentioned. 

The  great  influx  of  visitors  into  Bath  has  given  rise  to  fabulous 
tales  respecting  the  exorbitant  demands  made  for  their  necessaxy 
accommodation,  but  these  stories  are,  we  believe,  without  any  founda- 
tion in  fact.  The  arrangements  made  with  great  care  and  trouble  by 
the  local  secretaries  would,  indeed,  suffice  to  render  any  attempts  at 
imposition  useless,  and  application  to  these  gentlemen  was  aU  that 
was  required  to  protect  the  visitor,  and  to  ensure  comfortable  and 
reasonable  accommodation.  A  considerable  amount  of  private  hospi- 
tality was  also  exercised,  nor  were  the  official  representatives  of  tiie 
city  wanting  in  recognition  of  the  guests.  The  Lord-Lieutenant  (Earl 
of  Cork)  entertained  the  excursionists  to  Frome  on  the  Saturday,  while 
the  Countess  of  Waldegrave  did  the  same  for  those  who  visited  Bad- 
stock  on  the  same  day.  The  Mayor  of  Bath  gave  a  banquet  in  the 
Guildhall  on  Saturday  evening  to  a  select  assembly,  and  Mr.  Tite, 
M.P.,  repeated  the  entertainment  on  the  following  Thursday.  The 
citizens  of  Bristol  also  extended  their  hospitality  to  that  Section  of  the 
Association  which  visited  Clifton  for  the  purpose  of  viewing  the  beau- 
tiful suspension  bridge  just  completed ;  and  many  public  buildings  in 
Bath  have  been  freely  opened  to  the  members  of  the  Association  during 
their  stay  in  the  city. 
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But  while  the  meeting  at  the  beantiful  city  of  Bath  will  long  be 
remembered  as  a  successful  and  agreeable  one,  an  unhappy  reminis- 
cence must  inevitably  be  associated  with  it  in  the  melancholy  death  of 
Captain  Spcke,  the  celebrated  African  traveller,  who  met  with  a  fiital 
accident  when  shooting  in  the  neighbourhood  on  the  second  day  of  the 
meeting.  As  one  who  had  attended  the  Geographical  Section  on  that 
very  day,  and  who  was  to  be  the  hero  of  a  stirring  discussion  on  the 
following  morning,  the  &tal  event  caused  a  sensation  in  the  assembled 
meeting  more  easily  conceived  than  described,  and  necessarily  threw  a 
gloom  over  what  in  every  other  respect  was  a  successful  and  agreeable 
gathering. 

The  announcement  that  the  next  meeting  of  the  Association,  in 
1865,  will  be  held  at  Birmingham,  and  that  Professor  Phillips,  who, 
as  Sir  B.  Murchison  stated,  has  been  the  labouring  oar  of  the  Associa- 
tion, is  to  be  its  President,  will  be  hailed  by  the  scientific  world  with 
satisfaction. 

In  the  following  short  articles  we  have  endeavoured  to  place  before 
our  readers  a  few  of  the  leading  novelties  in  science  which  were  brought 
before  the  various  Sections,  and  our  apology  for  the  imperfection  of 
the  record  must  be  the  brief  space  of  time  at  our  disposal,  little  more 
than  a  week  having  intervened  between  the  close  of  the  Association 
meetings  and  the  issue  of  this  Journal.  One  of  the  most  important 
papers,  however,  recounting  the  experiments  of  Mr.  William  Fairbaim 
upon  the  physical  properties  of  submarine  cables,  will  be  found  amongst 
our  Original  Articles,  contributed  by  the  author  in  all  its  details,  and 
we  shall  endeavour  in  our  next  to  atone  for  our  shortcomings  in  the 
present  number. 


The  Pbbsidsnt's  Addbsss. 

With  the  modesty  which  characterizes  all  truly  great  men,  and  which 
distinguishes,  par  excellence,  the  President  of  the  British  Association; 
that  gentleman  confined  himself  in  his  Inaugural  Address  entirely  to 
the  branch  of  science  in  which  he  is  one  of  the  leading  authorities, 
and  in  so  &r  he  has  placed  at  a  manifest  disadvantage  those  of  his 
predecessors  (perhaps  we  are  correct  in  saying  all)  who  ventured  to 
lay  before  the  Association  a  survey  of  the  progress  made  in  every  field 
of  science  during  the  year  preceding  their  installation. 

But  however  gratifying  and  interesting  this  new  feature  may  have 
been  to  geologists,  it  is  questionable  whether  it  has  met  with  universal 
approval,  and  whether  it  will  not  by  some  be  regarded  with  satisfiEtction 
rather  as  an  agreeable  deviation  from  an  acknowledged  custom,  than 
as  a  precedent  to  be  followed  by  fature  presidents. 

To  many  of  his  hearers,  and  more  especially  to  his  readers,  it  must 
have  been  a  source  of  disappointment  not  to  be  favoured  with  the 
general  survey,  which  is  looked  for  by  the  scientific  and  semi-scientific 
public.  To  tiie  Zoologist,  for  example,  it  must  have  been  tantalizing 
to  be  conducted  to  the  outer  courts  of  his  amphitheatre,  and  instead  of 
being  permitted  to  enter,  to  be  left  standing  on  the  threshold  whilst 
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his  guide  started  off  upon  some  special,  and  to  hiniy  more  urgent 
business. 

It  was  very  unkind  of  Sir  Charles,  after  having  tried  the  patience 
of  the  long-suffering  Darwinian  (who  of  all  men  looks  forward  to  these 
meetings  for  an  opportunity  to  improve  his  experience),  whilst  he  dis- 
coursed ably  upon  the  origin  and  character  of  the  Bath  waters,  to  cat 
him  off  with  a  few  sentences  concerning  the  palceontological  series, 
which  he  said,  in  confirmation  of  Mr.  Darwin's  view,  it  had  never  been 
^*  part  of  the  plan  of  nature  '*  to  leave  perfect  "for  the  enlightenment 
of  rational  beings,  who  might  study  them  in  after-age&" 

And  we  must  be  permitted  here  to  say,  by  way  of  parenthesis^  with 
all  deference  to  Mr.  Darwin  and  his  illustrious  disciple,  Sir  Charles 
Lyell,  that  the  conviction  has  been  daily  becoming  more  firmly  esta- 
blished in  our  mind,  that  it  did  form  part  of  the  plan  of  that  Power  which 
moulded  nature  to  leave  a  sufficiently  complete  record  to  enable  us 
rational  beings,  or  rather  our  posterity,  to  grasp  and  comprehend  the 
whole  of  its  operations  from  the  commencement ;  but  we,  too,  must 
plead  the  present  imperfection  of  that  record  as  our  reason  for  not 
discussing  the  subject. 

The  Astronomer  and  the  Chemist  will  equally  regret  that  the 
President  did  not  favour  them  with  a  rSsuniS  of  the  progress  of  their 
respective  branches  of  science.  Spectrum  Analysis,  the  great  discovery 
of  the  day,  was  referred  to,  it  is  true,  but  only  to  inform  the  world 
that  medicinal  hot  springs  contain  Copper,  Strontium,  and  Lithium. 
What  this  method  of  analysis  has  done  during  the  past  twelve  months 
to  reveal  the  composition  of  the  heavenly  bodies,  or  how  far  it  has 
contributed  towards  the  progress  of  Chemical  Science,  are  items  of 
information  which  must  be  sought  elsewhere. 

And  thus  the  case  stands  with  the  Mechanician,  the  Ethnologist, 
the  Physicist.  All  these  votaries  of  science  must  this  year  be  content 
to  seek  a  record  of  novelties  in  their  respective  branches  elsewhere 
than  in  the  President's  Address.  That,  restricted  as  it  may  have  been 
in  its  scope,  was  one  of  the  most  valuable  contributions  to  our  scientific 
literature,  and  it  will  undoubtedly  mark  an  era  in  the  history  of 
Geological  Science. 

Nominally  it  treated  of  the  origin  and  nature  of  the  mineral  waters 
of  Bath;  but  virtually  it  dealt  with  the  relation  of  the  phenomena 
concerned  in  the  production  of  all  hot  springs  to  changes  in  the  level 
of  the  land  and  sea ;  with  glacial  action ;  with  the  hydro-thermal 
theory  of  the  formation  of  crystalline  rocks ;  with  volcanic  phenomena, 
&c.  It  also  touched,  though  very  briefly,  upon  the  antiquity  of  man ; 
upon  the  inquiry  "  whether  clear  evidence  can  be  obtained  of  a  period 
antecedent  to  the  creation  of  organic  beings  upon  earth  ;"  and  whether 
the  changes  which  have  taken  place  in  the  constitution  of  the  earth's 
crust  have  been  of  a  comparatively  speaking  rapid  and  violent,  or  of  a 
slow  and  gradual  nature. 

Indeed  we  may  repeat  that,  as  a  contribution  to  Geological  Science^ 
and  a  clear  exposition  of  the  views  of  the  author  and  his  school,  the 
foremost  rank  of  savansy  the  Address  is  perhaps  without  its  equal  in 
this  branch  of  our  scientific  literature. 
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The  following  are  a  few  of  its  salient  features,  but  they  in  no  way 
conyey  an  adequate  idea  of  the  Address,  which  has  been  printed  in  full 
in  most  of  the  leading  journals : — 

Beferruig  to  the  past  history  of  Bath,  the  author  touches  briefly  on 
the  ruins  of  the  ancient  city,  the  Aqufe  Solis  of  the  Bomans,  and 
speaks  of  its  antiquities  and  of  its  relatiyely  lower  level  as  compared 
with  modem  Ba^h. 

Its  mineral  waters  next  command  his  attention,  and  he  refers  to  the 
&ct  that  there  has  been  no  material  diminution  in  their  temperature 
(as  is  also  the  case  in  the  waters  of  Aix,  Baden,  &c.^  since  the  time  of 
the  Bomans;  and,  speculating  upon  the  date  oi  their  origin,  he 
expresses  the  belief  that  "  they  are  only  of  high  antiquity  when  con- 
trasted with  the  brief  space  of  human  annals ;"  for,  "  though  their 
foundations  were  tens  of  thousands  of  years  old,  they  were  Lad  at  an 
era  when  the  Mediterranean  was  already  inhabited  by  the  same  species 
of  marine  shells  as  those  with  which  it  is  now  peopled." 

The  probable  cause  of  hot  springs  is,  according  to  Sir  Charles,  a 
mighty  one  \  their  effect  equally  potent.  From  their  proportionately 
greater  number  and  higher  temperature  as  we  approach  ihe  localities 
in  which  there  are  active  or  extinct  volcanoes,  he  infers  that  there  is  a 
link  between  the  hot  spring  and  the  volcano.  And  after  speaking  of 
the  large  amount  of  mineral  matter  conveyed  to  the  surfetce  by  such 
springs  (enough,  as  Professor  Bamsay  has  estimated  in  the  case  of 
^ose  of  Bath,  to  form  a  solid  square  column  9  feet  in  diameter  and 
140  feet  high),  and  of  the  immense  quantity  of  nitrogen  gas  evolved 
(according  to  Dr.  Daubeny  250  cubic  feet  per  dayV  he  considers  the 
probable  effect  of  such  springs  to  be  that  of  increasmg  the  bulk  of  the 
rocks  through  which  they  pass,  thus  giving  rise  to  a  mechanical  force 
of  expansion  capable  of  uplifting  the  incumbent  crust  of  the  earth ;  in 
&ct,  he  constitutes  them  one  of  the  causes  of  change  in  the  relative 
level  of  land  and  water. 

The  Bath  springs,  Sir  Charles  Lyell  believes,  "  like  most  other 
thermal  waters,  mark  the  site  of  some  great  convulsion  and  fracture 
which  took  place  in  the  crust  of  the  earth  at  some  former  period." 
'*  The  uppermost  part  of  the  rent  through  which  the  hot  water  rises  is 
situated  in  horizontal  strata  of  Lias  and  Trias  300  feet  thick,"  the 
lower  passing  "  through  the  inclined  and  broken  strata  of  the  Coal 
measures." 

After  describing  how  the  water  may  have  passed  downward  from 
the  sur&ce,  dissolving  and  retaining  mineral  matter  in  its  course 
'*  until  it  encounters  some  mass  of  heated  matter,"  by  which  it  is  con- 
verted into  steam  and  driven  upwards  through  a  fissure,  the  author 
touches  upon  the  analysis  of  the  various  mineral  waters  at  home 
and  abroad,  attributing  some  of  their  virtues  to  the  presence  in  them 
of  what  we  may  call  the  spectroscopic  metals ;  namely,  those  traced  by 
means  of  the  spectroscope — of  Lithium,  Strontium,  Bubidium,  <&c. ;  and 
he  speaks  of  a  hot  spring  discovered  near  Bedruth,  in  Cornwall,  in  1839, 
at  a  great  depth  in  a  copper- mine,  in  which  Professor  W.  A.  Miller  has 
found  besides  the  usual  mineral  constituents,  not  only  Caasium,  but 
Lithium,  to  the  extraordinary  amount  of  l-26lh  part  of  its  whole  solid 
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contents.  Sir  Oharles  believes  that  the  efficacy  of  the  new  metals  for 
medicinal  purposes  will  probably  soon  become  manifest,  and  that  they 
will  be  produced  in  large  quantities  and  employed  in  the  cure  of 
diseases  ''  which  have  hitherto  baffled  human  skill." 

After  noticing  some  of  the  phenomena  connected  with  the  gradual 
decrease  of  temperature  in  the  water  as  it  rises  in  hot  springs  and  the 
minerals  with  which  it  is  charged,  he  expresses  the  belief  that  there 
is  some  relationship  "  between  the  action  of  thermal  waters  and  the 
filling  of  rents  wi&  metallic  ores,''  suggesting  that  the  component 
elements  of  the  ores  may  first  be  held  in  a  state  of  solution  or  sub- 
limation in  the  intensely  hot  water  below,  and  as  this  cools  be  deposited 
in  the  fissures. 

Another  geological  phenomenon  in  which  he  belieyes  hot  springs 
to  play  a  prominent  part  is  metamorphism,  the  conversion  of  deposited 
strata,  many  of  which  once  were  full  of  organic  remains,  into  crystalline 
rocks.  Eecent  experiments  and  observations  have  taught  geologists  that 
such  changes  have  been  the  result,  not  of  heat  alone,  but  of  heat  and 
water  combined,  of  '*  hydrothermal"  action ;  that  such  rocks  have  been 
converted,  not  in  the  "  dry  way,"  which  would  necessitate  an  enormous 
amount  of  heat,  but  in  the  "  wet  way,"  ^  a  process  requiring  a  far  less 
intense  degree  of  heat." 

Adducing  as  evidence  the  experiments  of  Senarmont,  Dobree, 
Sorby,  Sterry  Hunt,  and  other  reliable  observers,  as  well  as  that 
afforded  by  the  action  of  thermal  springs  during  the  historic  period. 
Sir  Charles  believes  that  in  the  course  of  ages  whole  mountain  masses 
may  have  become  thus  converted,  by  means  of  water  permeating 
through  them  charged  with  carbonic  and  hydrofluoric  acids.  Whilst^ 
however,  he  is  disposed  to  substitute  for  intense  heat  a  longer  period 
of  time  for  the  formation  of  crystalline  rocks,  Sir  Charles  still  holds 
that  the  temperature  of  the  mass  below,  with  which  the  water  is  mixed 
up  must  be  extremely  high,  and  referring  to  the  experiments  of  Bunsen 
on  the  Great  Geyser  of  Iceland,  he  mentions  that  at  a  depth  of  only 
74  feet  water  in  a  state  of  rest  possesses  a  temperature  of  248*"  Fahr. ; 
the  temperature  then  at  a  depth  of  a  couple  of  thousand  feet  is  probably 
intense,  as  the  erupted  glowing  lava  of  volcanoes  testifies. 

To  account  for  this  increasing  heat  as  we  descend  into  the  earth  is 
at  present  impossible,  or,  as  Sir  Charles  observes,  "  the  exact  nature 
of  the  chemical  changes  which  hydrothermal  action  may  effect  in  the 
earth's  interior  will  long  remain  obscure  to  us,  because  the  regions 
where  they  take  place  are  inaccessible  to  man ;  but  the  manner  in 
which  volcanoes  have  shifted  their  position  throughout  a  vast  series  of 
geological  epochs — becoming  extinct  in  one  region  and  breaking  out 
in  another — may  perhaps  explain  the  increase  of  heat  as  we  descend 
towards  the  interior,  without  the  necessity  of  our  appealing  to  an 
original  central  heat  or  the  igneous  fluidity  of  the  earth's  nucleus." 

Quitting  then  the  subject  of  hot  springs,  the  President  adverts  to 
the  changes  which,  in  past  ages,  have  token  place  in  the  land-level  of 
England,  and  refers  to  the  time  when  "  the  Cotswold  Hills,  at  the  foot 
of  which  this  city"  (Bath)  "is  built,  formed  one  of  the  numerous 
islands  in  an  archipelago  into  which  England,  Ireland,  and  Scotland 
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were  then  divided ;"  and  when  the  sea  flowed  over  Moel  Tryfaen,  a 
hill  near  the  Menai  Straits,  where  fossil  marine  shells  have  been  found 
at  a  height  of  1,360  feet  above  the  present  sea  -level. 

PassiQg  then  to  the  question  of  the  changes  in  temperature  which 
must  have  taken  place  in  England,  in  common  with  the  whole  of 
central  Europe  (and  speaking  chiefly  in  relation  to  the  Glacial  period), 
he  attributes  these  changes  in  part  to  a  general  alteration  in  the  height 
of  the  seas,  continents,  and  mountain  ranges ;  and  shows  that  at  one 
time  the  Sahara,  or  great  Desert  of  Africa,  must  have  been  imder 
water;  the  high  lands  of  Barbary,  &c.,  separated  from  the  rest  of 
Africa  by  a  sea ;  and  that  there  has  probably  been  a  connection  be- 
tween fiarbary  and  Southern  Europe.  The  gradual  melting  away 
of  the  Swiss  glaciers,  Sir  Charles  attributes  to  some  extent  to 
the  Sirocco,  or,  as  the  peasants  call  it,  "  the  Fohn,"  which  hot  wind 
crosses  over  from  Africa ;  and  showing  that  a  cessation  of  this  warm 
blast,  for  a  brief  period  only,  causes  the  ice  to  accumulate  perceptibly 
even  in  our  day,  he  asks,  "  What  mighty  effects  we  may  not  imagine 
the  submergence  of  the  Sahara  to  have  produced  in  adding  to  the  size 
of  Alpine  glaciers  ?  "  or  as  Escher*  argues,  "  If  the  Sahara  was  a  sea 
in  post-tertiary  times,  we  may  understand  why  the  Alpine  glaciers 
formerly  attained  such  gigantic  dimensions,  and  why  they  have  left 
moraines  of  such  magnitude  on  the  plains  of  Northern  Italy  and  the 
lower  country  of  Switzerland." 

"  The  more,"  says  Sir  Charles,  '*  we  study  and  comprehend  the 
geographical  changes  of  the  Glacial  period,  and  the  migrations  of 
animals  and  plants  to  which  it  gave  rise,  the  higher  our  conceptions 
are  raised  of  the  duration  of  that  subdivision  of  time,  which,  though 
vast  when  measured  by  the  succession  of  events  comprised  in  it,  was 
brief  if  estimated  by  the  ordinary  rules  of  geological  classification." 

It  is  unnecessary  to  follow  the  President  through  the  review  which 
followed,  of  the  story  of  man's  antiquity  as  it  is  at  present  related  by 
ArchsBologists  and  Paheontologists ;  suffice  it  to  say  that  he  traced 
him  through  the  "  Age  of  Bronze "  to  the  Stone  period,  when  "  flint 
implements"  were  almost  his  only  weapons,  and  when  his  bones  lay 
side  by  side  with  the  extinct  quadrupeds  of  Europe — the  '*  Elephant, 
Ehinoceros,  Bear,  Tiger,  and  Hyena." 

After  referring  humorously  to  the  reluctance  with  which  some 
students  of  Geology  bring  themselves  to  consider  the  long  ages  that 
modem  science  is  disposed  to  attribute  to  the  Glacial  and  Post-glacial 
periods.  Sir  Charles  concludes  his  Address  with  a  few  observations 
upon  two  questions  at  present  agitating  the  scientific  world :  "  First, 
as  to  whether  there  has  been  a  continuous  succession  of  events  in  the 
organic  and  inorganic  worlds,  uninterrupted  by  violent  and  general 
catastrophes ;  and  secondly,  whether  clear  evidence  can  bo  obtained 
of  a  period  antecedent  to  the  creation  of  organic  beings  on  earth." 

In  regard  to  the  first  point.  Sir  Charles  here  speaks  with  great 
caution,  but  we  think  it  may  be  gathered  from  his  remarks  that  he 
considers  the  *'convulsionist"  theory  to  be  dying  out  and  giving  place 

*  Escfacr  von  der  Linth. 
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to  a  doctrine  in  Geology  analogoiua  to  that  of  Mr.  Darwin  in  Natural 
History ;  with  reference  to  the  second,  he  notices  the  observationa  of 
Dr.  Dawson,  of  Montreal,  upon  the  fossils  fonnd  in  the  Lanrentian 
rocks  of  Canada,*  which  rocks  *'  are  of  as  old  a  date  as  any  of  the 
formations  named  azoic  in  Europe,  if  not  older,  so  that  they  preceded  in 
date  rocks  once  supposed  to  have  been  formed  before  any  organic  beings 
had  been  created ;"  and  Sir  Charles  expresses  the  opinion  that  these 
obserrations  of  Dr.  Dawson  have  demonstrated  the  theories  founded 
''in  Europe  on  mere  negative  evidence"  to  be  ''altogether  delnsiye." 
Throughout  the  whole  of  this  admirable  Address  Sir  Charles  seems  to 
have  ta^en  especial  care,  as  we  think  wisely,  not  to  commit  himself 
definitely  to  any  of  the  numerous  theories  which  at  present  agitate  the 
Geological  world. 

In  seconding  a  vote  of  thanks  to  the  President,  Sir  Boderick 
Murchison,  who  differs  from  Sir  Charles  Lyell  on  some  material  qnea- 
tions  in  Geology,  nevertheless  made  a  statement  which  it  may  be  as 
well  to  transfer  to  these  pages,  as  there  may  perhaps  be  here  and  there 
a  few  persons  who  entertain  the  belief  that  scientific  men  are  never 
agreed  on  any  subject  which  interferes  with  their  preconceived  views. 
Such  persons  will  find  that,  on  certain  geological  doctrines  which  they 
bring  their  minds  to  consider  with  great  reluctance  as  being  opposed 
to  those  of  tradition,  there  is  now  no  difference  of  opinion  whatever. 
"  Let  me  assure  this  assembly,"  said  Sir  Boderick,  "  that  in  all  the 
grand  leading  data  on  which  the  history  of  geology  is  based  we  are 
completely  united,  and  whether  it  be  in  recording  the  regular  succes- 
sion of  formations  from  the  oldest  to  the  youngest,  the  progression 
from  lower  to  higher  types  of  life,  the  enormously  long  periods  which 
must  have  elapsed  in  the  formation  of  deposits  and  their  frequent 
change  into  crystalline  conditions  by  that  metamorphism  which  he  has 
so  skilfully  expounded ;  and  lastly,  in  the  evidences  he  has  brought 
together  to  show  that  man  must  have  coexisted  with  some  of  the  great 
fossil  mammalia.  On  all  these  subjects  I  hold  the  same  opinions  as 
himself;  and  I  have  ventured  to  make  this  explanation,  because  it 
seems  to  me  essential  that  the  public  should  not  run  away  with  the 
idea  that  because  geologists  occasionally  disagree  on  points  of  theory, 
that  there  exists  'among  them  any  divergence  of  opinion  as  to  the 
great  foundation  stones  on  which  their  science  has  been  reared." 


Phtsioal  Soibngb.    (Section  A.) 

PhiUips  on  the  Physical  Aspect  of  the  Sun, — MiUer  and  Muggins  on  ^ 
Spectra  of  the  Heavenly  Bodies. — Glaudet  on  Photosculpttare, 

Amongst  the  large  number  of  papers  brought  before  this  Section  only 
a  few  are  of  general  interest.  The  greater  number  are  mathematical, 
and  of  the  physical  papers  not  many  will  bear  the  condensation 
necessary  for  a  report  in  our  pages.  We  shall  therefore  omit  all 
reference  to  such  as  cannot  well  be  given  in  abstract. 

*  *  Quarterly  Journal  of  Sdence,'  vol.  i.  p.  476. 
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Some  TalQaUe  remarks  were  made  by  Professor  Pliillips  on  the 
^  FhjBical  Aspect  of  the  Sim."  In  this  examination  he  had  been  mnch 
aided  by  Cook's  Solar  Eyepiece,  by  means  of  which  he  was  enabled  to 
observe  highly  luminous  bodies.  He  wished  to  draw  attention  to  two 
phenomena— the  facuko  and  the  porosity ;  he  had  observed  the  former 
as  distinctly  as  the  clouds  in  our  own  sky.  These  luminous  places 
were  shaded  as  clouds  are  with  us,  and  as  the  Alps  appeared  at  some 
50  miles  distance.  Some  of  these  fiskculffi  were  ranges  of  40,000  miles 
long  and  40  miles  high.  With  regard  to  the  question  of  porosity,  aU  that 
he  had  observed  was  an  irregular  mottled  surface  between  the  luminous 
bands  which  he  had  called  faculsa,  but  these  markings  might  be  com- 
pared to  anything,  assuming  accidental  shapes,  and  formed  no  definite 
figure. 

On  Monday,  Dr.  Miller,  on  behalf  of  himself  and  Mr.  Huggins, 
read  a  most  interesting  paper, "  On  the  Spectra  of  some  of  the  Heavenly 
Bodies."  The  paper  directed  attention  to  three  leading  points,  viz. 
facts  relating  to  the  planetary  spectra,  others  relative  to  the  spectra  of 
double  stars,  and  some  data  concerning  the  spectra  of  nebulsB.  The 
presence  of  metals,  as  evidenced  in  the  case  of  the  light  of  the  planets 
and  some  of  the  heavenly  bodies,  proved  them  to  be  composed  of  ter- 
restrial substances,  whilst  the  nebul®  were  as  evidently  bodies  of 
gaseous  vapour,  the  character  of  their  light  showing  that  there  was 
no  solid  matter  in  them.  In  the  discussion  which  followed  the  read- 
ing of  this  paper,  Mr.  Balfour  Stewart  said. that  the  remarks  on  the 
planetary  nebulBB  were  most  important,  in  showing  quite  a  different 
constitution  of  these  nebulsB  than  had  been  hitherto  accepted. 

Mr.  A.  Claudet  read  a  long  and  valuable  paper,  "  On  Photo- 
sculpture,"  the  invention  of  M.  Willeme,  a  French  sculptor.  This 
gentleman  saw  that  if  he  had  photographs  of  many  profiles  of  his 
sitter  taken  at  the  same  moment  by  a  number  of  cameras  placed 
around,  he  might  alternately  and  consecutively  correct  his  model  by 
comparing  the  profile  outline  of  each  photograph  with  the  correspond- 
ing outline  of  the  model.  But  it  soon  naturally  occurred  to  him  that, 
instead  of  correcting  his  model  when  nearly  completed,  he  had  better 
work  with  the  pantagraph  upon  the  rough  block  of  clay,  and  cut  it  out 
gradually  all  round  by  following  one  after  the  other  the  outline  of  each 
of  the  photographs.  Now,  supposing  he  had  twenty-four  photographs 
representing  the  sitter  in  as  many  points  of  view  aU  taken  at  once,  he 
had  but.  to  turn  the  block  of  clay  after  every  operation  l-24th  round, 
and  to  cut  out  the  next  profile,  and  repeat  this  until  the  block  had  com- 
pleted its  entire  revolution,  and  the  clay  would  be  transformed  into  a 
perfectly  solid  figure  of  the  twenty-four  photographs, — ^the  statue  or  the 
bust  was  made,  and  only  required  the  finishing  touches  to  be  given  to  it 
by  the  artist,  who  would  perform  the  last  operation  and  would  exercise 
his  skill  in  communicating  to  the  model  all  the  refinement  with  which, 
as  a  sculptor  merely,  he  could  have  endowed  it.  Mr.  Claudet  said,  in 
conclusion,  that  he  thought  he  could  not  better  illustrate  the  process 
of  photoBculpture  than  by  executing  the  bust  of  the  President,  Sir 
Charles  Lyell.    The  photographs  were  taken  on  the  16th  of  August ; 


742  Meeting  of  Hie  British  AssociaHon,  [Oct., 

the  machine  had  done  the  work ;  the  sculptor  had  gi^n  the  fininhiTig 
touches  to  the  model ;  and  the  bust  complete,  a  most  striking  likeness, 
was  then  exhibited  to  the  meeting. 


Chemistbt.    (Section  B.) 

President's  Address. — Daubeny  on  the  Bath  Thermal  Waters, — Report 
of  the  Gun-cotton  Committee, — Miller  on  Wheal  Clifford  Hot  Spring. 
— King  on  the  Frescoes  in  the  House  of  Commons, — Calvert  on  the 
Extra^ion  of  Gold  from  Auriferous  Bocks, — Field  an  Tin  Ore,  dc. — 
Spence  an  Copper  SmeUing.  —  Bapers  hy  Herapaih^  Cotton,  Paul, 
Phipson,  and  Machattie, 

Thb  proceedings  of  the  Chemical  Section  were  opened  by  the  Pre- 
sident, Dr.  Odling,  F.B.S.,  who,  in  a  short  bnt  eloquent  address,  placed 
before  his  audience  a  comprehensiye  view  of  the  reformation  which, 
within  the  last  dozen  years  or  so,  has  been  effected  in  the  opinions 
concerning  the  combining  proportions  of  the  elementary  bodies  and 
the  molecular  weights  of  their  most  important  compounds.  The 
development  of  the  matured  views  of  chemical  philosophy  which  now 
prevail  must,  the  President  said,  be  traced  to  Gerhardt's  division  of 
voktile  bodies  into  a  majority  whose  recognized  molecules  corresponded 
with  four  volumes  of  vapour,  and  a  minority  whose  recognized  mole- 
cules corresponded  respectively  with  but  two  volumes  of  vapour ;  and 
from  Grerhardt  and  Laurent's  proposal  to  double  the  molecular  weights 
of  these  last,  so  as  to  make  the  molecules  of  all  volatile  bodies  corre- 
spond each  with  four  volumes  of  vapour.  Prior  to  the  time  of 
Gerhardt,  the  selection  of  molecular  weights  for  different  bodies,  ele- 
mentary and  compound,  had  been  almost  a  matter  of  hazard.  Belying 
conjointly  upon  physical  and  chemical  phenomena,  he  first  established 
definite  principles  of  selection  by  pointing  out  the  considerations  upon 
which  the  determination  of  atomic  weights  must  logically  depend.  He 
thus  established  his  classification  of  the  non-metallic  elements  into — 
mon-hydrides,  represented  by  chlorine ;  di-hydrides,  represented  by 
oxygen  ;  ter-hydrides,  represented  by  nitrogen ;  &c. :  and  relying  upon 
the  same  principles,  later  chemists  have  given  to  his  method  a  develop- 
ment and  unity  which  have  secured  for  the  new  system  the  impregnable 
and  acknowledged  position  which  it  at  present  occupies.  Dr.  Odling 
then  made  a  passing  allusion  to  the  researches  of  i^ofessor  Eopp  on 
specific  heat,  and  expressed  the  obligations  chemists  were  under  to 
lum  for  the  great  additions  he  had  made  to  this  subject ;  and  then 
proceeded  to  the  oft-debated  question  of  chemical  notation.  This  is 
at  present  in  anything  but  a  satisfactory  state.  The  sign  of  addition, 
80  frequently  used  to  express  the  fine  idea  of  chemical  combination,  is 
about  the  last  one  would  deliberately  select  for  such  a  purpose.  The 
placing  of  symbols  in  contiguity  with  or  without  the  introduction  of  a 
point  between  them  is  far  preferable ;  but  here,  as  pointed  out  by  Sir 
John  Herschel,  we  violate  the  ordinary  algebraic  understanding,  which 
assigns  very  different    numerical  values  to  the   expressions  xy  and 
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X  -^-y  respecfcively.  The  speaker  said  that,  for  some  years  past.  Sir 
Benjamin  Brodie  had  been  engaged  in  working  out  a  new  and  strictly 
philosophical  system  of  chemical  notation  by  means  of  actual  formulsB, 
instead  of  mere  symbols ;  and  Dr.  Odling  felt  that  he  only  expressed 
the  general  wish  of  the  Section  when  he  asked  Sir  Benjamin  Brodie 
not  to  postpone  the  publication  of  his  views  for  a  longer  time  than  was 
absolutely  necessary.  It  becomes  every  day  more  and  more  important 
to  render  the  present  system  of  symbolic  notation  more  precise  in  its 
meaning  and  consistent  in  its  application.  Many  of  its  incongruities 
belong  to  the  very  lowest  order  of  convention ;  such,  for  example,  as 
the  custom  of  distinguishing  between  the  so-called  mineral  and  organic 
compounds ;  one  particular  sequence  of  symbols  being  used  habitually 
in  representing  compounds  of  carbon,  and  an  entirely  different  sequence 
of  symbols  in  representing  the  more  or  less  analogous  compounds  of 
all  other  elements.  It  is  high  time  that  such  relics  of  the  ancient 
superstition,  that  organic  and  mineral  chemistry  are  essentially  dif- 
ferent from  one  another,  should  be  done  away  with.  After  a  brief 
glance  at  synthetic  chemistry,  and  isomerism,  which  was  designated 
the  chemical  problem  of  the  day,  the  President  concluded  by  referring 
to  the  healthier  state  of  mind  in  which  now  perhaps  more  than  ever 
the  first  principles  of  chemical  philosophy  are  explored.  Speculation, 
indeed,  is  not  less  rife  and  scarcely  less  esteemed  than  formerly,  but 
it  is  now  seldom  or  never  mistaken  for  ascertained  truth.  Scepticism, 
indeed,  still  prevails,  but  it  is  no  longer  the  barren  soepticism  of 
contentment,  but  the  fertile  scepticism  which  aspires  to  greater  and 
greater  certainty  of  knowledge. 

Dr.  Daubeny  read  a  most  exhaustive  paper, "  On  the  Bath  Thermal 
Waters."  Under  the  impression  that  some  of  the  benefit  derived  from 
the  use  of  these  waters  might  be  due  to  the  presence  of  some  hitherto 
xmdiscovered  principle  latent  in  the  waters,  the  lecturer  had  lately 
concentrated  by  evaporation  considerable  quantities  of  the  water,  and 
tested  the  residuum,  with  the  view  of  ascertaining  whether,  besides  the 
ingredients  determined  by  previous  analysts  to  exist  in  it,  certain 
ol£er  principles  might  not  also  be  present  at  least  in  infinitesimal 
quantities.  He  could,  however,  discover  no  traces  of  Fluorine,  of 
Baryta,  of  Strontia,  or  of  Lithia,  although  the  very  delicate  method 
of  spectrum  analysis  was  employed  to  detect  their  presence.  Phosphoric 
acid  and  bromine  were,  however,  found  to  be  present.  The  quantity 
of  gas  disengaged  from  the  King's  Bath  averaged  222  cubic  feet  in 
twenty-four  hours,  and  the  same  phenomenon  was  observed  at  least  a 
century  and  a  half  ago,  showing  tiiat  the  disengagement  of  gas  was  by 
no  means  a  recent  occurrence,  or  one  depending  on  merely  adventitious 
causes.  The  gas  on  analysis  was  found  to  consist  chiefly  of  nitrc^n. 
If,  therefore,  the  gas  emitted  were  derived  from  atmospheric  air,  the 
latter  must  have  parted  with  four-fifths  of  its  oxygen  before  it  reached 
the  surface  of  the  earth.  This  phenomenon  is  so  much  the  more 
important,  inasmuch  as  it  is  common  to  all  natural  hot-springs.  The 
lecturer  passed  in  review  the  different  explanations  which  had  been 
given  to  account  for  the  origin  of  this  gfts,  and  gave  it  as  his  opinion 
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that  there  was  ample  reason  to  infer  that  the  evolution  of  nitrogen  gas 
when  in  great  excess  of  the  oxygen  was  esisentiallj  connected  with  that 
igneons  action  which  is  going  on  in  the  interior  of  the  earth,  and  that 
it  was  met  with  in  thermal  waters  only  because  the  latter  derived  their 
heat  from  the  same  chemical  operations  which  give  rise  to  the  phe- 
nomena of  volcanoes.  We  are  thus  compelled  to  assume  that  some 
process  of  oxidation  is  going  on  in  the  locality,  such  as  should  bring 
about  the  absorption  of  the  oxygen  present  in  the  air  which  penetrates 
to  these  depths.  The  author  then  entered  into  a  most  interesting 
discussion  as  to  the  cause  of  thermal  springs  and  volcanoes ;  the  latter 
phenomena  especially  resembling  those  which  would  occur  if  water 
and  air  were  brought  into  contact  with  metallic  bases  possessing  a 
strong  affinity  for  oxygen;  and  concluded  by  suggesting  that  the 
surplus  heat  from  the  springs,  which  was  at  present  allowed  to  be 
wasted  in  the  river,  should  be  utilized  by  allowing  the  water  to  pass 
through  coils  of  pipes  let  into  the  ground  a  few  feet  below  the  sur&ce, 
so  as  to  communicate  its  heat  to  tibe  soil  within  a  given  area.  With 
no  further  expense  than  this,  such  an  arrangement  would  secure  to  the 
plot  of  ground  placed  under  the  influence  of  this  adventitious  tem- 
perature a  bottom  heat  sufficient  for  the  growth  of  early  vegetables 
and  for  the  cultivation  of  tender  exotics ;  whilst  if  the  waters  were  in 
the  first  instance  emptied  into  a  small  pond,  and  afterwards  transmitted 
from  thence  by  means  of  a  coil  of  pipes  gradually  embracing  a  larger 
circle  as  they  extended,  nothing  but  the  protection  of  an  external 
covering  of  glass  would  be  required  for  the  cultivation  of  the  gigantic 
Victoria  Begia  and  other  tropical  water-lilies ;  whilst  the  borders  of  the 
pond  would  at  least  secure  to  the  inhabitants  of  Bath  the  enjoyment  of 
many  of  the  trees  and  shrubs  of  warmer  countries  in  the  open  ground 
of  the  garden,  and  a  participation  in  a  genial  atmosphere  during  their 
most  rigorous  seasons. 

The  Gun-cotton  Committee  laid  their  second  report  before  the 
members  of  this  Section.  This  was  merely  a  formal  document  relating 
the  circumstances  which  have  taken  the  matter  out  of  their  hands. 
The  Government  have  appointed  a  conmiittee  to  investigate  the  subject 
in  all  its  bearings,  and  Imve  placed  on  it  several  members  of  the  British 
Association  Committee.  At  the  close  of  the  report.  Professor  Abel 
said  that  his  researches,  made  on  behalf  of  the  G<>vemment,  were  of  a 
satisfBtctory  character,  gun-cotton  possessing  a  great  superiority  over 
gunpowder  both  in  the  simplicity  and  safety  of  its  manufacture. 

Dr.  Miller  then  read  a  paper,  "  On  the  Wheal  Clifford  Hot  Spring, 
near  Eedruth,  Cornwall,"  in  which  he  had  detected  so  large  a  quantity 
of  Lithium  that  it  could  not  fail  to  become  an  economical  and  abundant 
source  of  that  rare  alkaline  metaL 

Mr.  A.  Poole  King  read  a  paper,  "  On  the  Premature  Decay  of  the 
Frescoes  in  the  Houses  of  Parliament,"  in  which  he  predicted  the 
rapid  destruction  of  these  frescoes  if  the  apartment  were  allowed  to 
remain  cold  and  damp.  The  moisture  would  condense  in  drops  on  its 
surfiftoe,  and  be  absorbed.    These  drops  would  dissolve  whatever  trace 
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of  Bolpliate  of  soda  eiisted  in  the  plaster  or  in  the  mortar  of  the  wall. 
The  salt  would  aggregate  together,  then  form  iee-like  crystals ;  would 
leave  the  plaster,  and  ^ow  itself  in  a  bloom  on  the  surface  of  the  fresco, 
to  be  re-dissolYed  by  the  first  moisture  which  came  oyer  it,  and  then 
be  re-absorbed  again,  till  at  last  it  would  aggregate  into  blotches,  and 
the  destruction  would  be  complete.  To  preserve  the  fresco,  the  author 
recommended  that  the  robing-room  should  always  be  kept  dry  and 
warm. 

Dr.  C.  Calvert's  paper,  "  On  a  New  Method  of  Extracting  Gfold 
from  Auriferous  Bocks,"  described  a  method  which  presented  the 
advantages  of  not  only  dispensing  with  the  costly  use  of  mercury,  but 
also  of  extracting  the  silver  and  copper  which  ^e  ore  might  contain. 
The  agent  employed  was  nascent  chlorine,  evolved  from  a  mixture  of 
salt  and  binoxide  of  manganese  ground  up  with  the  auriferous  quartz 
in  the  proportion  of  two  or  three  per  cent.  When  sulphuric  acid  was 
added  the  liberated  chlorine  would  attack  the  gold,  and  upon  allowing 
water  to  percolate  through  the  mass  it  would  dissolve  out  all  the  gold 
(as  well  as  the  copper  and  silver),  which  could  then  be  easily  precipi- 
tated in  the  metallic  state.  This  process  was  said  to  yield  good 
results,  even  when  working  upon  a  very  poor  quartz. 

Mr.  F.  Field  then  described  a  new  ore  of  tin,  and  appended  to  it 
a  few  remarks  on  the  state  of  mineralogy  in  this  country.  Beferring 
to  the  high  price  and  scarcityof  bismuth,  he  said  that  if  search  were 
made  in  Cornwall  there  would  be  no  difficulty  in  getting  it ;  but  some 
persons  seemed  to  have  gone  fossil  mad,  and  neglected  f£e  really  valu- 
able minerals,  which  could  be  found  in  almost  every  county. 

These  remarks  were  entirely  corroborated  by  Mr.  Salmon  and 
Professor  Tenant ;  and  the  latter  speaker  instanced  a  case  in  Australia, 
where  a  black  substance  which  was  at  first  thrown  away  in  the  rush 
after  gold  was  afterwards  found  to  be  tin  ore,  and  was  sold  for  402. 
a  ton. 

An  important  paper  was  then  read  by  Mr.  Spenoe,  '^  On  Copper 
Smelting  and  the  Means  of  Economizing  the  Sulphur  evolved  in  the 
Operation."  He  said  he  had  for  many  years  directed  his  attention  to 
the  subject  of  economizing  the  sulphur  in  copper  ores.  He  had 
erected  furnaces  in  which  small  ores  could  be  calcined  with  little 
expenditure  of  fuel  and  labour,  and  this  enabled  him  to  send  all  the 
sulphur  so  eliminated  into  the  vitriol  chambers  as  sulphurous  acid  gas. 
The  amount  of  sulphur  wasted  in  copper-smelting,  and  which  could  be 
economized  by  the  use  of  such  calcining  furnaces  as  he  had  erected 
was  something  enormous.  It  had  been  estimated  at  70,000  tons  per 
annum,  which  at  the  present  price  of  sulphur  would  be  worth  455,000Z. 

A  paper  by  Dr.  M.  B.  Herapath,  "  On  a  New  Method  of  Detecting 
Arsenic,  Antimony,  Sulphur,  and  Phosphorus  by  their  Hydrogen  Com- 
pounds when  in  Mixed  Gases,"  entering  into  special  analytical 
details,  is  of  too  limited  an  interest  to  be  transferred  to  our  report,  and 
from  the  nature  of  the  subject  it  cannot  be  given  in  abstract.  The 
same  may  be  said  of  Mr.  Catton's  papers  "  On  the  Direct  Conversion  of 
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Acetic  Acid  into  Bntyric  and  Caproic  Acids,"  and  ''  On  the  Molecnlar 
Oonfititntion  of  Carbon  Compounds." 

These  were  followed  by  one  by  Dr.  Faol,  "  On  Paraffin  Oil,"  in 
which  he  said  that  whilst  oils  lighter  than  water  were  quite  different 
from  those  in  gas-tar,  the  oils  heavier  than  water  were  very  similar,  if 
not  identical,  with  those  in  gas-tar ;  and  one  by  Dr.  Boscoe,  in  which 
he  announced  that  by  means  of  the  spectroscope  he  had  detected 
strontium  and  lithium  in  the  Bath  hot  springs  in  addition  to  the  other 
well-known  constituents. 

Dr.  Phipson  next  described  some  black  stones  which  fell  from  the 
atmosphere  at  Birmingham,  in  1858.  Analysis  showed  that  they  were 
not  aerolites,  but  small  fragments  of  basaltic  rock,  similar  to  that  which 
existed  a  few  leagues  from  Birmingham.  He  belieyed  that  the  stones 
had  been  carried  to  Birmingham  by  a  waterspout.  The  same  author 
also  had  a  paper,  ^*  On  the  Medicinal  Muds  of  the  Island  of  Ischia." 
It  was  in  this  island  and  elsewhere  customary  to  plunge  the  body  into 
muds  of  this  kind  as  a  means  of  restoring  health.  They  were  com- 
posed of  a  volcanic  sand,  rendered  muddy  by  water  and  a  certain 
quantity  of  vegetable  debris.  He  had  no  doubt  that  the  water  in  its 
natural  state  was  strongly  impregnated  with  sulphuretted  hydrogen, 
and  it  was  to  this  agent  principally  that  the  medicinal  properties  were 
to  be  ascribed. 

A  paper  by  Dr.  A.  T.  Machattie,  "  On  the  Detection  of  Poisons  by 
Dialysis,'*  was  next  read.  This  constituted  an  important  contribution 
to  toxicological  chemistry,  but  wt)uld  be  too  long  to  be  given  at  full 
length  in  our  pages,  whilst  an  abstract  would  be  unintelligible. 

One  or  two  other  papers  of  interest  will  be  referred  to  in  the 
Chemical  Chronicle  of  our  next  number. 


Geoloot.    (Section  C.) 

Phillips  on  a  Cranium  of  the  Stone  Period,— Sanders  on  Bristol  Coal 
Fields, — Sorhy  on  Metallic  Meteorites, — Brovme  on  Ice  Caves, — 
Moore  on  the  PalcBontology  of  Frame. — Stoddart  on  Oedlogy  of 
Clifton. — Banded  on  Geology  of  Bath, — IMsiram  on  Geology  of 
Palestine, 

Among  the  early  communications  in  this  Section  was  one  by  the 
President,  Professor  Phillips,  who  produced  a  fragment  of  a  human 
cranium,  taken  out  by  himself  from  the  lower  strata  of  one  of  those 
singular  heaps  of  accumulated  d^ms  known  on  the  shores  of  the  Lake 
of  Geneva,  laid  bare  by  a  railway  cutting  some  time  ago,  and  then 
described  by  M.  Morlot.  In  certain  parts  of  this  kind  of  delta,  pro- 
duced on  dry  land  and  with  great  regularity  from  the  annual  accession 
of  fresh  material,  objects  were  found  marking  pretty  clearly  a  positive 
date.  Thus,  the  Boman  occupation  of  Switzerland,  which  occupied 
on  the  whole  about  700  years,  yielded  a  few  fragments  by  which  it  is 
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identified.  The  bronze  period  was  represented  by  another  group ; 
the  period  of  occupation  since  the  Bomans  by  anolher  ;  and  there  is 
also  a  stone  period  earlier  than  the  bronze.  This  latter  is  probably 
contemporaneous  with  the  period  of  the  lake  Tillages,  estimated  £rom 
this  source  of  independent  evidence  at  about  6,500  years  old.  The 
fossil  was  found  in  this  part.  There  is  an  element  of  doubt  inyolved 
in  the  absence  of  certainty  as  to  the  limits  of  the  deposit  during 
the  Boman  occupation  of  the  country. 

When  this  matter  was  debated,  Ihere  were  several  communications 
bearing  on  the  same  subject,  and  an  interesting  discussion  arose  on 
the  antiquity  of  the  human  race.  The  most  remarkable  feature  was 
the  unanimity  of  the  speakers,  and  the  perfect  and  manifest  sympathy 
exhibited  by  a  very  large  audience,  who  kept  together  in  the  Section 
room  without  flinching  from  11  till  4  o'clock.  The  absence  of  Dr. 
Falconer  and  Mr.  Busk,  who  have  just  started  for  Gibraltar,  rendered 
any  allusion  to  the  newly-discovered  human  remains  from  that  quarter 
imdesirable. 

Another  important  communication  was  the  account  given  by 
Mr.  Sanders  of  a  most  admirable  and  detailed  map  of  the  Bristol 
coal-fields,  prepared  from  parish  maps,  on  a  scale  of  four  inches  to  a 
mile,  independently  of  the  Government  survey.  In  the  course  of 
fifteen  minutes  Mr.  Sanders  gave  an  outline  of  the  intelligent  and 
indefatigable  labour  of  a  quarter  of  a  century.  The  manner  was 
worthy  of  the  matter. 

Mr.  Sorby  directed  attention  to  the  fact  that  in  metallic  meteorites, 
iron  (s.  g.  7*8)  and  olivine  (s.  g.  3*4)  appeared  to  have  been  in 
fusion  together,  the  olivine  being  left  diffuseid  through  the  iron  after 
cooling.  He  pointed  out  that  this  was  impossible  on  or  near  the  earth's 
sur&ce,  owing  to  the  difierence  of  the  specific  gravities ;  and  suggested, 
as  an  explanation,  that  the  fasion  and  cooling  might  either  have  taken 
place  in  the  metallic  centre  of  small  independent  bodies,  where  the 
specific  gravity  was  nil,  the  meteorites  being  fragments  of  such  bodies 
entering  subsequently  within  the  earth's  attraction,  or  that  each 
meteorite  had  been  itself  a  separate  small  body  cooled  in  space. 

A  new  and  original  communication  was  that  of  the  Bev.  G.  F. 
Browne,  being  an  account  of  several  ice-caves  or  glaciereSy  some  of 
them  newly  discovered,  but  others  already  known  and  described,  in 
Dauphin6,  Savoy,  and  parts  of  Switzerland.  The  enormous  accumu- 
lations of  ice,  exhibiting  in  some  caves  a  thickness  of  180  feet,  the 
rate  of  increase  of  the  ice  deposit  from  year  to  year,  the  condition 
and  temperature  of  the  ice  in  summer  and  winter,  and  the  fact  that 
while  some  caves  at  very  moderate  elevations  are  full  of  ice,  others 
apparently  under  similar  conditions  and  at  much  greater  elevations 
are  free,  seem  to  exclude  by  turns  all  the  theories  that  have  been 
suggested.  The  texture  of  the  cave-ice  which  occurs  in  groups  of 
crystals,  forming  prisms  in  some  parts  of  the  mass,  was  the  subject  of 
a  separate  communication  to  the  Chemical  Section,  but  complicated 
the  geological  problem.  It  will  be  necessary  to  pay  greater  attention 
to  this  curious  subject. 
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Very  interesting  local  oommtinioations  were  made  bj  Mr.  Charles 
Moore  and  Mr.  W.  Stoddart  The  former  alluded  to  the  eztxaordinaiy 
abundance  of  fossils  in  the  clay  near  Frome,  where  more  than  a  million 
organisms,  including  29  mammalian  types  and  many  reptilia^  were 
obtained  by  him  from  a  single  cart-load  of  the  material  From  the 
Bhastic  beds  also  Mr.  Moore  obtained  70,000  teeth  of  one  kind  of 
fossil  alone.  Mr.  Stoddart  endeaToured  to  prove  that  the  dividing 
line  between  the  Carboniferous  and  Devonian  rocks  lies  below  and 
not  above  certain  highly-fossiliferous  beds  at  Clifton,  which  in  Ireland 
have  been  regarded  as  Devonian,  but  are  there  less  rich  in  fossils. 
The  Marwood  sandstone,  Coomhola  grits,  and  some  other  beds,  are 
the  Irish  representatives,  and  are  largely  developed  in  the  south-west 
of  that  country.  At  Clifton,  a  thin  limestone  among  marls  is  loaded 
with  incredible  numbers  of  minute  organisms,  easily  separated  from 
the  matrix,  as  the  fossils  are  insoluble  in  dilute  acid,  which  removes 
the  limestone  completely  and  rapidly.  From  one  pound  weight  were 
obtained  1,600,000  perfect  fossils,  besides  fragments  and  dSbris. 

A  valuable  local  memoir  was  read  by  Mr.  J.  Bandell  on  the 
important  beds  of  building-stone  quarried  near  Bath.  The  export  of 
these  stones  from  the  quarries  around  Bath  exceeds  100,000  tons  per 
ftnTinm^  and  they  are  conveyed  to  great  distances.  Mr.  Bandell 
described  very  accurately  their  geological  position,  which  he  stated  to 
be  perfectly  definite  in  the  oolitic  series.  He  remarked  that  the  beds 
occasionally  thin  out  as  if  lenticular,  but  they  are  always  under  a 
capping  of  harder,  rougher,  and  less  valuable  stone.  They  die  away 
to  the  east  and  south-east.  The  dip  is  small,  varying  generally  from 
one  in  forty  to  one  in  sixty.  The  thickness  of  the  best  stone  is  from 
12  ft.  to  25  ft.  Above  it  are  25  to  50  feet  of  Upper  Bag  not  worked 
to  send  away,  tough,  shelly,  and  brownish  in  colour.  Below  are  from 
150  to  200  feet  of  Lower  Bag,  not  always  coarse,  but  apt  to  deoompose 
on  exposure.  Mr.  Bandell  then  described  the  method  of  working  in 
the  best  quarries.  After  the  first  block  has  been  obtained  from  under 
the  rag,  the  stone  is  all  sawn,  avoiding  waste  from  blasting  and 
wedging.  The  stone  is  generally  got  in  the  same  manner  as  coal  in 
stalls  whose  width  depends  on  the  goodness  of  the  roof.  There  is 
no  waste. 

A  discussion  arose  on  this  paper.  Professor  Phillips  alluded  to 
the  stone  selected  by  the  Bomans  as  having  stood  better  than  that 
now  got.  Professor  Ansted  pointed  out  that  the  stone,  like  others, 
stood  much  better  in  a  building  when  it  had  been  first  thoroughly 
dried  and  hardened  in  the  air.  Mr.  Ethridge  spoke  to  the  accuracy 
of  Mr.  Bandell's  sections. 

Mr.  Tristram  read  several  interesting  communications  on  the 
Greology  of  Palestine  and  the  adjacent  parts  of  Asia  Minor.  He 
exhibited  fragments  of  a  bone  brex^cia  with  flint  flakes,  which  Mr. 
Evans  was  prepared  to  assert  must  certainly  have  been  of  human 
manufacture,  and  brought  from  a  distance.  The  age  of  the  breccia 
was  not  however  clear.  Mr.  Tristram  also  exhibited  a  series  of  very 
curious  fossils  from  a  limestone  of  the  cxetaceouB  period.    Among 
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ihem  were  some  Ammonites  resembling  Ceratites,  biyalve  shells 
resembling  liassio  and  triassic  species  of  Fholadomya,  and  others 
having  similar  peculiarities.  Some  of  these  haye  lately  been  foond 
in  A&ica. 


ZooLOOT  Ain>  BoTAKT.    (Section  D.) 

• 

Preeident'a  Address. — QaUon  on  Domestication  of  Animals. — Gtbb  on 
ihe  Larynx  of  the  Negro. — Crisp  on  the  Anatomy  of  the  Quadrumana. 
— Tristram  on  the.  Ornithology  of  Palestine. — OMold  on  Entozoa. — 
Davy  on  Salmonidce. — BuMand  on  the  Oyster. — Lankester  on  the 
EarthiDorm. 

In  his  address,  the  President,  Dr.  J.  E.  Gray,  F.RS.,  entered  in  the 
first  place  into  an  inquiry  as  to  tJie  best  plan  to  be  pursued  to  make 
museums  of  natural  history  most  useful  both  to  the  general  pubHc  and 
the  scientific  student.  For  the  former  he  considered  that  a  collection 
of  the  more  interesting  objects  was  required,  so  as  to  a£fbrd  the  greatest 
possible  amount  of  information  in  a  moderate  space,  and,  instead  of 
crowding  together  a  number  of  specimens  of  a  given  genus  on  the 
shelves,  characteristic  specimens  should  be  selected  and  distinctly 
labelled,  and  the  purpose  for  which  it  was  prepared  and  exhibited 
should  be  specified ;  the  economic  uses  to  which  it  is  applied  should 
also  be  given.  For  the  scientific  student  he  considered  that  instead 
of  stuffing  and  mounting  the  specimens,  they  could  be  much  more 
efficiently  examined  by  properly  arranging  them  in  drawers  and  boxes, 
which  would  at  the  same  time  ensure  economy  of  space. 

He  then  entered  into  the  question  of  the  acclimatization  of  animals. 
This  term  has  been  employed  to  express  the  domestication  of  wild 
animals,  the  introduction  of  the  domestic  animals  of  one  country  into 
another,  and  the  cultivation  of  fishes  by  the  restocking  of  rivers,  ponds, 
&c.,  already  exhausted.  He  did  not  think  that  any  of  the  wild  ani- 
mals which  it  was  proposed  to  domesticate  could  compete  in  feeding 
and  fattening  qualities  with  our  present  races  of  domestic  cattle.  And 
though  Asiatics  have  been  able  to  draw  largely  upon  the  wild  animals 
around  them,  yet  these  are  but  little  suited  for  our  northern  climate. 
He  pointed  out  that  it  would  be  advisable  to  try,  in  attempting  to  in- 
troduce new  domestic  animals  into  our  Colonies,  if  some  of  the 
domestic  races  of  Asia  or  Africa  might  not  be  better  adapted  to  their 
cUmates  than  many  European  breeds.  He  did  not  regard  very  hope- 
fully the  attempt  to  introduce  salmon  into  the  Australian  rivers,  for 
during  a  considerable  part  of  each  year  they  are  reduced  to  stagnant 
pools.  The  deep  rapid  rivers  of  Tasmania  he  looked  on  as  much 
more  promising.  The  Acclimatization  Society  of  Australia  ought 
rather  to  strive  for  the  introduction  of  the  gouramy,  or  some  other 
edible  fish  of  the  countries  nearer  to  and  more  resembling  their  own. 

A  paper  of  considerable  interest  was  read  by  Mr.  Francis  Gkdton, 
F.B.S.,  entitled  **  First  Steps  towards  the  Domestication  of  Animals." 
VOL.  L  8  a 
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In  it  the  author  contended  that  the  following  conditions  were  required 
for  wild  animalfl  to  become  domesticated.  Ist.  Thej  should  be  hard j. 
2nd.  They  should  have  an  inborn  liking  for  man.  3rd.  They  should 
be  comfort  loving.  4th.  Thej  should  be  found  useful  to  the  savages. 
5th.  They  should  breed  freely.  6th.  They  should  be  gr^arious.  The 
first  domestication  of  animals  was  due  to  a  vast  number  of  half-uncon- 
scious attempts  made  through  the  course  of  ages,  and  at  length,  after 
slow  degrees  and  many  relapses,  and  continued  selection,  the  several 
domestic  breeds  now  existing  became  firmly  established. 

Dr.  Gibb  read  a  paper, "  On  the  Larynx  of  the  Negro,"  in  which  he 
stated  that  the  essential  point  of  difference  between  this  organ  in  the 
white  man  and  the  Negro  consisted  in  the  invariable  presence  of  the 
cartilages  of  Wrisberg,  in  the  oblique  or  shelving  position  of  the  true 
vocal  cords,  and  the  pendent  position  of  the  ventricles  of  Morgagni  Ib 
the  latter.  His  observations  were  based  on  the  examination  of  the 
larynx  in  500  whites  and  58  blacks. 

A  paper  was  contributed  by  Dr.  Crisp,  '^  On  the  Anatomy  of  the 
Quadrumana,  with  a  Comparative  Estimate  of  the  Intelligence  of  the 
Apes  and  Monkeys."  The  author  in  the  first  place  described  a  method 
of  displaying  the  comparative  anatomy  of  an  animal  by  means  of 
plaster  and  wax  casts  of  the  most  important  parts,  and  showing  these 
alongside  of  the  skeleton  and  stuffed  skin.  He  then  adduced  many 
fieu3ts  in  the  anatomy  of  the  Quadrumana,  and  came  to  the  following 
conclusions : — 1st.  That  the  anthropoid  apes,  both  anatomically  and 
in  reference  to  their  amount  of  intelligence,  are  not  entitled  to  the 
elevated  position  in  which  they  have  been  placed  by  some  anatomists. 
2nd.  That  the  line  of  demarcation  between  man  and  these  brutes  is  so 
wide  and  clearly  defined  as  to  entitle  the  human  fEunily,  as  maintained 
by  Blumenbach,  Cuvier,  and  others,  to  a  separate  and  exclusive  division 
in  the  animal  scale. 

The  Bev.  H.  B.  Tristram  then  read  a  paper,  "  On  the  Ornithology 
of  Palestine  and  the  Peculiarities  of  the  Jordan  Valley."  The  author, 
during  a  residence  there  last  year,  obtained  fourteen  different  kinds  of 
chats,  and  some  birds  like  the  golden  plover  and  the  blackwing. 
Various  new  species,  or  new  to  that  locality,  were  described ;  amongst 
these  were  specimens  of  the  following  new  and  hitherto  undescribed 
species: — The  Oeylonese  eagle-owl,  only  hitherto  known  in  South 
India  and  China ;  Qumey's  sparrow-hawk,  peculiar  to  Palestine ;  the 
Peregrine  falcon,  on  the  coast ;  the  Lanner  falcon,  on  the  highlands ; 
and  tiie  Saker  fiilcon,  the  largest  of  all,  in  the  interior ;  a  new  species 
of  night-jar,  confined  exclusively  to  the  Dead  Sea ;  the  Oalilean  swift, 
confined  to  the  Jordan  Valley ;  the  great  Alpine  swifb,  and  many  other 
species  which  our  limited  space  will  not  allow  us  to  name. 

Dr.  Cobbold,  F.E.S.,  read  a  paper,  ^*  On  the  Development  and  IMI- 
grations  of  the  Entozoa,"  in  which  he  related  a  number  of  expenments 
made  on  the  mode  of  propagation  of  flukes,  tapeworms,  round-worms, 
or  their  larvsa.     He  pointed  out  that  the  larve  of  the  smallest  tape- 
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wonn  jet  known  were  the  sole  cause  of  the  fatal  echinococcufl  disease 
of  Iceland. 

Dr.  John  Davy  read  a  paper,  "  On  the  Salmonidse,  chiefly  relating 
to  their  Generative  Functions."  TTih  observations  were  in  part  made 
on  the  parr  of  the  sea-tront  f  Salmo  trutta),  and  the  object  of  his  in- 
quiry was  to  ascertain  if  it,  like  the  parr  of  the  salmon,  exercises  the 
generative  functions.  He  concluded  that  the  probabilities  were  in 
&vour  of  this  view.  In  the  young  of  the  brown  trout  he  has  never 
fotmd  the  testes  more  than  ruoQmentary.  He  does  not  believe  that  the 
eea-trout  breeds  on  its  return  from  the  sea  into  the  rivers,  as  is  the  case 
with  the  salmon,  for  the  ovaries  he  has  examined  at  this  period  of  the 
growth  of  the  fish  are  in  little  more  than  a  rudimentary  state.  He 
thought  that  with  regard  to  the  salmon,  sea-trout,  common  trout,  and 
charr,  the  evidence  was  rather  in  feivour  of  them  breeding  only  in 
alternate  years,  or  at  least  not  in  successive  years. 

Mr.  Frank  Buckland,  "  On  the  Natural  History  of  the  Oyster,"  in 
which  he  related  the  attempts  that  had  recently  been  made  to  promote 
the  artificial  cultivation  of  oysters.  He  pointed  out  that  this  year 
there  had  been  a  failure  in  the  oyster  spat,  and  submitted  that  the 
investigation  into  the  cause  of  this  failure  was  a  proper  subject  of 
inquiry  for  scientific  men. 

Mr.  E.  B.  Lankester  read  a  paper,  "  On  Certain  Points  in  the 
Anatomy  of  the  Earthworm."  The  parts  to  which  he  directed  atten- 
tion were,  firstly,  three  undescribed  pairs  of  glands  connected  with  the 
oesophagus ;  and  secondly,  the  reproductive  system.  The  glands  are 
situated  in  the  twelfth  and  thirteenth  segments  of  the  body.  The 
most  anterior  pair  lie  in  the  twelfth  segment ;  they  contain  a  dense 
crystalline  mass.  The  two  posterior  pairs  lie  in  the  thirteenth  seg- 
ment ;  they  contain  a  milky  fluid.  The  author  calls  them  oesophageal 
glandJs  from  their  relation  to  that  tube.  His  observations  on  the  repro- 
ductive system  coincided  almost  entirely  with  those  of  Dr.  Hering,  and, 
in  all  essential  details,  with  M.  d*Udekem. 


Phtsioloot.    (Sub-section  D.) 

PresideiU^s  Address. — Turner  on  Nutrient  Arteries  for  ike  Lungs. — 
Foster  on  Muscular  Irritability. — Herapaih  on  Indigo  in  Pus. — Davy 
an  the  Temperature  of  the  S&oes, — (7tb&  on  Action  of  Bromides  of 
Lithium^  Zinc,  and  Lead. — Hayden  on  Fat  and  Sugar  as  i2e«ptra- 
tory  Food. — Smith  on  the  Nutritive  Principles  of  Food. 

Thb  introductory  address  by  the  President,  Dr.  Edward  Smith,  F.B.S., 
consisted  of  an  elaborate  and  highly  interesting  report,  **  On  the  Pre- 
sent State  of  the  Dietary  Question."  He  reviewed  the  dietaries  of 
the  various  prisons,  which  he  considered  to  stand  at  present  in  a  very 
unsatisfactory  state ;  the  dietaries  of  hospitals,  schools,  and  other  edu- 
cational establishments.  Beferring  to  "  Bantingism,"  he  pointed  out 
that  the  system  of  reduction  was  in  numerous  cases  quite  inapplicable. 

8b2 


752  Meeting  of  the  British  Assodaiion,  [Oct., 

He  then  showed  that  the  coarse  foods,  once  so  largely  employed  by 
the  labouring  classes,  had  gone  out  of  use  because  the  labourer  had 
now  better  wages,  the  taste  was  not  so  agreeable  as  the  finer  foods,  and 
they  could  only  be  used  intermittingly.  The  nature  of  the  diet  em.- 
ployed  in  yarious  districts  of  the  country  was  discussed,  and  the 
question  of  the  digestibility  of  food  was  considered  imder  the  varions 
heads  of  kind,  quantity,  and  conditions  under  which  it  acts.  An 
interesting  discussion  followed,  in  which  Professors  Acland  and  Bol- 
leston.  Sir  John  Bichardson,  the  Bishop  of  Bath  and  Wells,  and  other 
gentlemen  took  a  part. 

"  On  a  Supplementary  System  of  Nutrient  Arteries  for  the  Lungs." 
By  Wm.  Tiumer,  M.B.,  F.R.S.E.  An  arterial  plexus  was  described  on 
the  side  of  the  pericardium  beneath  the  mediastinal  pleura.  It  was 
formed  by  the  iunction  of  the  pericardiac,  mediastinal,  and  phrenic 
branches  of  the  internal  mamnTary  artery  with  each  other  a^d  with 
numerous  fine  branches  from  the  trunks  of  the  intercostal  arteries. 
From  it  a  number  of  slender  thread-like  arteries  passed  to  the  lung, 
some  in  front  of  its  root,  others  behind,  and  others  between  the  layers 
of  the  ligamentum  latum  pulmonis.  Some  of  these  arteries  were  dis- 
tributed in  the  substance  of  the  lung ;  others,  on  its  surface  beneath 
the  pulmonic  pleura.  Through  the  agency  of  this  plexus,  an  arterial 
communication  is  established  between  the  blood  vessels  of  the  lung 
and  the  arteries  which  supply  the  wall  of  the  chest  with  blood. 

Beport  by  Dr.  Foster,  "  On  Muscular  Irritability."  The  conclu- 
sions drawn  from  the  statements  made  by  numerous  experimenters 
were  as  follow : — That  the  urari  experiments  are  inconclusiye,  because 
it  is  not  proved  that  the  ultimate  nerve  branches  are  affected  like  the 
penultimate.  That  Eckhard's  anelectronic  experiment  is  inconclusive, 
becaxise  irritability  is  by  it  only  lowered,  not  entirely  suspended.  That 
the  series  of  chemical  stimuli  experiments  by  Wittich,  Kuhne,  &c.,  are 
inconclusive,  for  the  same  reason  as  the  urari  series ;  but  that  the  fact 
that  chemical  stimulation  will  take  place  during  the  anelectronic  effect 
of  the  constant  current  shows,  either  the  contractile  tissue  is  of  itself 
irritable,  or  that  no  confidence  can  be  placed  in  £ckhard*s  arguments, 
and  that  one  experiment  of  Euhne's  on  that  point  is  almost  an  experi- 
mentum  crucis.  That,  on  the  whole,  the  evidence  of  the  above  series 
is  decidedly  in  favour  of  the  existence  of  muscular  irritability.  That 
the  experiments  and  observations  of  Kuhne,  Auerbach,  and  Aeby  show 
that  the  idio-muscular  contractions  of  Schiff '  are  in  reality  ordinary 
contractions  in  an  abortive  state  and  not  a  special  form  of  contraction ; 
and  that  the  same  observations  offer  connecting  links  between  the 
oscillatory  contractions  witnessed  by  Mr.  Bowman,  and  shown  by  him 
to  be  clearly  not  due  to  nervous  action,  and  so  afford  proof  that  in  a 
muscular  contraction  there  are  two  things  to  be  considered  —  the 
putting  certain  molecules  in  movement,  and  the  communication  of  that 
movement  from  those  molecules  with  greater  or  less  rapidity  to  all  the 
rest  of  the  fibre ;  and  that  since  the  first  movement  may  commence 
anywhere,  the  whole  fibre  must  be  called  irritable. 

"  On  the  Presence  of  Indigo  in  Purulent  Discharges."    Dr.  Hera- 
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path  examined  pus  presenting  a  greenish-blue  colour.  He  found  that 
the  fluid  lost  its  colour  on  being  corked  up  in  a  dose  bottle,  but  re- 
assumed  the  blue  colour  on  exposure  to  air.  He  supposed  that  this 
was  due  to  the  presence  of  a  colourless  material  analogous  to  Indigo 
and  the  action  of  oxygen  on  it.  He  obtained  crystals  from  the  pus  in 
six-sided  plates,  and  aciculi  of  a  deep-blue  colour  when  sublimed. 
Other  tests  were  employed  which  furnished  evidence  of  the  presence  of 
Indigo  Blue  in  the  pus. 

Dr.  John  Davy,  "  On  the  Temperature  of  the  Sexes.*'  Dr.  Davy, 
from  observations  made  in  the  Tropics  and  in  England,  supported  the 
view  that  the  temperature  of  the  male  is  greater  than  that  of  the 
femala 

Dr.  G.  D.  Gibb  read  a  note,  ^  On  the  Action  of  the  Bromides  of 
Lithium,  Zinc,  and  Lead."  The  first  of  these  was  prepared  with  the 
view  of  treating  gout  and  rheumatism ;  in  small  doses  it  acts  as  a  tonic, 
gentle  stimulant,  and  sometimes  as  a  diuretic.  The  Bromide  of  Zinc 
relieved  impaired  nervous  power,  whilst  the  Salt  of  Lead  acted  as  a 
soothing  and  cool  local  agent  in  some  inflamed  states  of  the  mucous 
membrane. 

Dr.  Hayden  read  a  paper,  "  On  the  Relative  and  Special  Applica- 
tions of  Fat  and  Sugar  as  Respiratory  Food."  He  believed  that  fat 
and  sugar  possessed  different  values  as  food;  that  they  underwent 
different  transformations,  during  which  they  subserved  distinct  pur- 
poses of  the  economy ;  that  the  period  of  their  retention  in  the  body 
is  the  same ;  that  they  are  not  mutually  convertible ;  but  that  ulti- 
mately they  pass  out  of  the  body  under  the  common  form  of  carbonic 
acid  and  water,  and  are  jointly  concerned  in  the  production  of  animal 
heat.  He  considered  that  fat,  being  an  assimilable  substance,  can 
under  no  circumstances  be  applied  to  the  maintenance  of  animal  heat 
before  undergoing  the  twofold  process  of  constructive  and  destructive 
assimilation,  but  that  amylo-saccharine  substances  are  immediately 
and  directly  passed  off  from  the  blood,  and  are  never  assimilated  in 
the  proper  sense  of  the  term.  The  general  conclusions  he  had  arrived 
at  from  his  experiments  were  as  follows : — The  amount  of  fat  deposited 
in  the  body  is  regulated  by  the  absolute  and  relative  quantity  of  olea- 
ginous and  saccharine  matter  in  the  food  taken ;  both  substances  taken 
in  a  large  quantity,  cause  excessive  deposits  of  fat  If  the  fat  taken  be 
in  defect,  even  though  the  sugar  be  in  excess,  no  increase  in  the  deposit 
of  fat  takes  place,  but  rather  a  decrease,  obviously  in  consequence  of 
ordinary  molecular  absorption,  to  which  the  adipose,  in  common  with 
other  tissues,  is  subject,  not  being  counterbalanced  by  assimilation.  If 
the  fat  taken  be  in  excess,  whilst  the  sugar  is  insufficient  to  meet  the 
immediate  wants  of  the  respiratory  function,  still  the  deposit  of  fat 
may  not  undergo  increase,  but  the  contrary,  apparently  because  a  por- 
tion of  that  already  deposited  must  undergo  reabsorption  into  the  blood 
for  the  purpose  of  supplying  heat.  Fat  is,  therefore,  as  a  heat-producing 
substance,  only  supplemental  of  sugar,  which  is  the  ordinary  pabtdum 
of  respiration.  Saliva,  like  gastric  juice,  is  secreted  in  quantity  strictly 
proportioned  to  the  immediate  wants  of  the  system,  and  quite  irrespec- 


754  Meeting  of  the  British  Association.  [Oct., 

tively  of  the  abeolnte  quantity  of  food  taken ;  a  certain  proportion  of 
the  starch  of  the  food,  varying  according  to  the  quantity  taken  and  the 
necesaity  of  respiration,  escapes  the  converting  action  of  the  sali'VB^ 
and  is  stored  up  in  the  liver.  This  liver-starch  is  being  taken  con- 
stantly back  into  the  blood  to  supplement  the  respiratoiy  elements  of 
the  food,  and  in  the  blood  is  converted  into  sugar,  probably  next  into 
lactic,  and  finally  into  carbonic  acid.  Hence  the  presence  of  sugar, 
normally,  in  small  proportion  in  the  blood  of  the  right  side  of  the 
heart,  hence,  likewise,  its  presence  in  the  right  side  of  the  heart  of 
animnlfl  fed  exclusively  upon  meat,  in  whose  portal  blood  not  a  trace 
of  sugar  is  discoverable. 

In  three  papers  Dr.  Edward  Smith  entered  into  a  very  elaborate 
inquiry  into  Ihe  nutritive  principles  of  food ;  the  proportions  in  which 
they  entered  into  the  different  kinds  of  food;  and  the  most  useful 
combinations  of  different  articles  of  diet.  He  showed  that  there  were 
four  methods  in  use  for  estimating  the  nutritive  value  of  food.  Ist. 
The  weight  of  the  food.  2nd.  The  nitrogenous  and  carboniferona 
elements  in  it.     Srd.   The  nitrogenous  food,  carbon  and  hydrogen 

feBkoned  as  carbon)  in  food.  4th.  The  nitrogen  and  carbon  in  food, 
e  mode  of  determining  these  he  entered  into  at  considerable  length. 
He  advocated  the  desirability  of  an  inquiry  into  the  amount  of  food 
which  is  necessaiy  for  the  support  of  the  system. 


Oeoorapht  akd  Ethnoloot.    (Section  E.) 

Burton  on  Dahomey — l^fruce  on  the  Purus — Boies  on  the  Amazons — 

Dr.  Limngstone*s  Communicaiions. 

Captain  BuRTOif  made  a  very  interesting  and  valuable  contribution 
on  the  subject  of  the  kingdom  of  Dahomey.  His  account  is  totally 
different  from  those  hitherto  given,  but  it  is  distinct  and  positive.  He 
states  the  population  of  the  country  at  less  than  150,000,  of  whom  not 
more  than  one-fifth  are  men.  The  accounts  of  the  profusion  of  human 
blood  shed  on  festival  days  he  declares  to  be  a  wild  exaggeration  of  a 
peculiar  custom — a  mark  of  filial  affection — ^requiring  that  all  events 
should  be  communicated  to  a  dead  parent  by  a  human  being  specially 
sent  to  the  other  world.  Thus  every  extraordinary  occurrence  demands 
a  murder,  in  order  that  the  king's  father  may  be  duly  informed.  On 
stated  occasions  in  the  year  are  larger  sacrifices.  The  whole  number 
of  victims,  however,  even  on  the  occasion  of  these  annual  festivals, 
he  estimates  at  from  35  to  40 — a  number  wonderfully  smaller  than 
others  have  told  us,  but  still  horrible  enough.  All  these  victims  are 
prisoners  and  guilty  of  severe  crimes,  or  are  prisoners  of  war.  They 
are  stupefied  before  being  put  to  death,  and  the  execution  is  performed 
in  the  presence  of  the  king  and  by  his  chief  ministers.* 

*  Whilst  we  give  Captain  Burton's  version  of  the  state  of  a£Burs  in  Dahomey, 
it  is  right  that  we  should  remind  our  readers  of  that  of  Jules  Gerard,  who  visited 
the  king  during  a  **  Grand  Custom."  His  account  was  communicated  to  *  The 
Times/  and  to  these  pages  (No.  I.,  p.  209),  and  he  appears  to  think  that  when 
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Capt.  Burton  states  that  there  is  a  dual  king  in  Dahomey,  one  for 
the  town  and  another  for  the  comitry ;  and  two  courts,  one  male  and 
the  other  female.  The  female  element  is  strong  in  everything.  Not 
only  are  there  Amazonian  troops,  but  to  each  important  person,  even 
including  the  English  strangers,  two  women  are  appointed  as  guards, 
under  the  designation  of  "  mother."  The  women  are  unusually  strong 
and  muscular,  and  are  organized  after  a  very  imperfect  fashion  into 
troops.  Of  these  there  are  four  corps,  distinguished  as  grenadiers, 
elephant  hunters,  razor  bearers,  archeresses ;  and  there  are  also  troops 
of  the  line,  who  however  do  not  seem;  so  much  given  to  fighting  as  to 
dancing,  in  which  all  are  great  proficients.  The  total  strength  of  this 
female  army  does  not  exceed  2,500,  and  the  fighting  members  are  not 
1,700 ;  of  whom  1,000  form  the  king's  body-guard.  Strangers — Capt. 
Burton  himself  included — are  appointed  to  honoraiy  commands  in  this 
singular  female  army. 

In  conclusion,  and  after  giving  many  curious  accounts  of  these 
people,  Capt.  Burton  expressed  his  firm  conviction  that  the  kingdom 
of  Dahomey,  once  comparatively  strong,  is  now  weakening  rapidly, 
and  stated  that  on  the  occasion  of  an  attack  recently  made  by  them 
on  a  neighbouring  and  somewhat  more  civilized  tribe,  they  were 
thoroughly  defeated  and  driven  back  with  little  difficulty. 

Two  papers  on  the  Amazons  were  read — one  by  Mr.  B.  Spruce, 
on  the  river  Purus ;  the  other  by  Mr.  Bates,  on  the  Delta  of  the 
Amazons.  The  Purus  connects  with  the  Amazons  near  the  sea,  the 
water  occasionally  running  from  the  Purus  into  the  Amazons,  and  at 
other  times  from  the  Amazons  into  the  Purus.  The  latter  is  an  im- 
portant navigable  river,  running  through  a  country  almost  a  dead 
level.  It  has  numerous  lakes.  It  comes  in  from  the  south,  and 
appears  to  have  deep  water,  so  that  it  may  afford  a  valuable  means  of 
communication  with  the  Andes. 

The  Delta  of  the  Amazons  is  exceptional.  It  is  neither  a  mud 
swamp  nor  unhealthy,  the  soil  being  sandy,  with  a  rocky  substratum 
of  calcareous  beds,  containing  fossil  marine  shells.  The  climate  is 
pleasant.  In  the  wet  season  (January  to  June),  the  rainfall  in  1848 
was  61  inches ;  and  in  the  dry  season  (the  rest  of  the  year),  9j^  inches. 
There  are  two  low  islands  within  the  main  mouth  of  the  river,  and 
these  also  are  not  muddy.  Advancing,  however,  up  the  river  by  the 
Para  branch,  all  signs  of  ancient  land  disappear,  and  the  true  Delta 
may  be  said  to  commence.  Innumerable  labyrinthine  channels  extend 
for  a  distance  of  80  miles  in  length  and  breadth,  and  the  land  consists 
entirely  of  recent  river  detritus.  Lofty  and  luxuriant  tropical  forest 
covers  every  part,  and  overhangs  the  narrow  channels  of  water  which 
are  often  not  more  than  80  yards  wide.  The  climate  here  is  much 
more  humid  than  below.     It  results  that  (owing  no  doubt  to  changes 

Englishmen  are  present  the  black  king  tries  to  make  things  as  pleasant  as  possible, 
in  order  that  the  scenes  enacted  may  be  painted,  as  they  have  evidently  been, 
ixnUeuT  de  rose.  Gerard  was  driven  out  of  Dahomey  for  his  candour,  so  if  tiie 
wretched  king  of  this  unfortunate  people  continues  his  horiible  **  customs,"  It  is 
not  for  want  of  knowing  those  of  civilized  nations,  for  they  evidently  take  id 
•  The  Times '  at  Abomey  !— 2^  Editors. 
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of  level),  a  great  alteration  has  taken  place  in  oomparatiyelj  recent 
times.  Mr.  Bates  concludes  that  the  month  of  the  Amazons  wiks  not 
formerly  a  wide  gulf^  filled  up  since  by  fluvial  deposit,  but  that  it  was 
bridged  over  by  a  chain  of  islands,  separated  by  narrower  chaimeln 
than  at  present.    This  is  illustrated  by  the  &una  and  flora. 

An  interesting  memoir  was  communicated  by  Mr.  James  Fox  Wilson^ 
on  the  desiccation  of  the  interior  of  Southern  Africa,  by  the  gradual 
drying  up  of  large  tracts  of  country  in  the  Bechuana  country.  In  this 
district  the  natives  are  cutting  down  all  the  trees,  and  burning  the 
dried  trailing  plants,  allowing  the  fires  to  extend  to  the  mountains. 
In  other  parts,  the  settlers  bum  the  herbage  in  winter,  to  have  fresh 
pasture  in  spring.  The  effect  of  this  laying  bare  the  surface,  is  to  in- 
crease the  drought,  and  the  country  will  become  seriously  injured  by 
consequent  change  of  climate.  It  was  generally  agreed  in  a  dis- 
cussion which  followed  the  reading  of  the  paper,  that  in  all  civilized 
coimtries  the  supply  of  rain  has  long  been  diminishing,  and  that  this 
is  maroly  due  to  agricultural  operations. 

Dr.  Livingstone's  and  other  communications  must  be  deferred ;  we 
cannot  do  them  justice  here. 


Mbohakioal  Soienoe.    (Section  G.) 

Sorhy  on   Photographing  the  Strwstare  of  MetdU.  —  SeLvoyn    and 

Fairbaim  on  Subvnarine  Telegraphy, 

Mb.  Sobbt  exhibited  photographs  taken  by  Mr.  Hoole,  of  Sheffield, 
under  his  superintendence,  illustrating  the  condition  of  iron  and  steel. 
The  photographs  were  taken  direct  from  the  microscope.  The 
objects  are  largely  magnified,  and  the  results  extremely  satisfactory. 
The  metal  was  prepared  by  Mr.  Sorby  by  acting  on  a  polished  surface 
with  weak  acid  in  a  way  already  known,  but  Sie  result  now  obtained 
is  quite  new  and  highly  instructive.  Among  other  conditions  of  iron 
we  have :  (1)  Meteoric  Iron,  exhibiting  its  crystalline  nature  in  the 
most  perfect  manner.  (2)  Grey  Pig.  Here  crystals  of  graphitic  carbon 
are  seen  shooting  through  the  mottled  surface  of  the  metal.  (3)  Bo- 
fined  Cast-iron,  Long  lines  of  hard  parts  of  the  metal  (probably 
spiegel-eisen)  have  arranged  themselves  in  layers.  (4)  SlighUy- 
hammered  Bloom,  The  imperfect  and  confased  state  of  the  iron  and 
slag  irregularly  mixed  are  strikingly  shown.  (5)  Bowling  Bar-iron. 
In  this,  the  slag  being  driven  off,  and  the  metal  rendered  more  compact, 
the  texture  is  seen.  The  result  is  very  curious  and  valuable,  and  con- 
trasts singularly  with  (6)  Swedish  Iron— a  steel-like  substance,  quite  as 
different  in  texture  as  in  its  properties.  (7)  Armour-plaie  is  a  curious 
variety  of  No.  5.  (8)  Blister-steel.  The  effect  of  the  converting 
furnace  is  very  singular  and  unexpected,  and  is  well  seen  in  this 
photograph ;  while  (9)  Cast  steel  shows  the  total  change  produced  by 
an  even  mottled  state  of  the  metal,  and  the  general  uniformity  of  the 
sections  of  crystals  cut  transversely. 
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I  No  iron-master  nor  engineer  oan  afiEbrd  to  be  ignorant  of  this  simple 

and  effectual  mode  of  determining  the  Btructnre  and  texture  of  the 
I  metal  he  has  to  do  with. 

Two  papers  were  read  on  Submarine  Telegraphy— one  by  Captain 
Selwyn,  E.N.,  and  the  other  by  Mr.  Fairbaim,  tiie  latter  referring  to 
the  mechanical  properties  of  telegraphic  cables.  Captain  Selwyn 
urged  that  the  ordinary  cable  defended  by  a  spiral  wire  was  weak  in 
principle,  as  the  first  strain  must  be  borne  by  the  straight  conducting- 
wire  which  alone  requires  defence.  He  also  pointed  out  that  a  line 
to  America  might  take  advantage  of  a  shoal  in  38^  50'  W.  long,  in  the 
direct  great  circle  track  between  England  and  Bermuda,  thus  dividing 
the  cable  into  two  sections.  Lastly,  he  recommended  that  in  place  of 
winding  the  cable  as  at  present,  so  as  to  be  packed  in  a  ship's  hold, 
it  should  be  wound  on  one  or  more  closed  cylindrical  drums  acting  as 
floats,  and  large  enough  to  carry  the  whole  weight.  Such  cylinders 
need  not  be  larger  than  an  ordinary  canal  barge,  and  could  be  towed 
by  a  steamer,  unwound  when  convenient,  and  left  floating  in  case  of 
storm.  They  would  be  perfectly  independent  and  much  cheaper,  as 
well  as  safer,  than  the  method  hitherto  adopted.  Captain  Selwyn 
proposed  for  the  Atlantic  cable  a  cylinder  120  feet  long  by  90  feet 
diameter,  which  would  carry  22,000  tons.  The  whole  weight  of  the 
present  Atlantic  cable  is  about  6,000  tons. 

Mr.  Fairbaim's  experiments  are  more  fully  described  at  p.  624  of 
this  Journal,  than  they  were  before  the  Association. 
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NOTES  AND  CORRESPONDENCE. 


Additiondl  Note  on  the  Neanderthal  Skull.    By  Wm.  Turner,  M.B.  (London), 

F.RS.E. 


In  the  April  number  of  this  Journal 
I  disoussed  the  anatomical  charac- 
ters of  the  now  well-known  Nean- 
derthal skull,  and  advanced  a  num- 
ber of  examples  of  modem  British 
crania,  which  in  the  extent  of  their 
Bupra-orbital  projection,  in  the  re- 
treating nature  of  their  frontal  and 
diminished  convexity  of  their  occi- 
pital regions,  presented  forms  closely 
comparable  to  that  of  the  Neander- 
thal calvarium.  Since  the  publica- 
tion of  that  article  I  have  received 
a  calvarium  of  a  very  remarkable 
form,  which  may  serve  as  an  addi- 
tional and  striking  illustration  of 
the  occasional  appearance  in  Euro- 
pean crania  of  no  great  antiquity  of 
characters  not  uxmke  those  of  the 
skull  from  the  Neander  valley.  I 
am  indebted  for  this  specimen  to 
the  liberaJity  of  Dr.  Arthur  Mitchell, 
Assistant-Commissioner  of  Lunacy 
in  Scotland,  who  informs  me  *'  that 
it  was  found  many  years  ago,  while 
digging  the  foundations  of  Gordon*s 
Hospital  in  Aberdeen,  and  that  it 
was  regarded,  prized,  and  preserved 
from  its  peculiar  form,  but  from  the 
years  which  have  elapsed  since  it 
was  dug  up,  from  the  death  of  the 
finder,  and  the  various  hands  into 
which  it  had  subsequently  passed, 
it  is  difficult  to  trace  the  exact  con- 
ditions under  which  it  was  found." 
I  have  since  ascertained  that  Gor- 
don's Eospital  is  built  on  the  site 
of  the  Blackfriars  Monastery,  with 
which  an  extensive  burial-ground 
seems  to  have  been  connected.  It 
is  probable,  therefore,  that  the  skull 
was  obtained  from  a  grave  in  this 
monastic  necropolis.  The  calvarium 
is  that  of  a  male  advanced  in  years. 
The  sutures  are  ossified,  the  denti- 
culations  of  the  sagittal  and  lamb- 


doidal  are  quite  obliterated.  The 
texture  of  the  bones  is  very  slightly 
affected;  in  the  posterior  part  of 
the  skull  externally  the  diplde  ia 
partly  exposed ;  but  in  the  anterior 
part  externally,  and  the  whole  of 
the  inner  aspect,  the  surfiu^s  of  the 
two  tables  are  smooth.  The  animal 
matter  is  not  removed.  The  bones 
are  of  average  thickness. 

From  the  accompanying  J>rofile 
sketch  of  this  calvarium  (Fig.  1),  on 
which  the  outline  of  the  Neander- 
thal skull  has  been  represented  by 
the  dotted  line,  a  comparison  of  the 
two  may  be  instituted.    The  supra- 
orbital projection,  due  to  the  size  of 
the  frontal  sinuses  and  the  retreat- 
ing forehead,  are  both  well  marked 
in  the  one  from  Aberdeen,  though 
scarcely  so  pronounced  as  in  the 
Neanderthal  specimen.    The  verti- 
cal diameter  is,  however,  greater,  so 
that  the  former  has  not  so  flattened 
a  form  at  the  vertex  as  the  latter. 
But  in  both  crania  the  parieto-occi- 
pital  regions  slope  downwards  from 
the  vertex,  and  the  posterior  parts 
of  the  parietal  bones  form  an  almost 
continuous  curve  with  the  squamous 
part  of  the  occipital  above  the  pro- 
tuberance and  superior  curved  une. 
And  in  this  its  occipital  form  the 
Aberdeen  skull  approaches  much 
more  closely  to  the   Neanderthal 
than  does  the  old  Batavian  from 
the  Island  of  Marken,  cited  by  Pro- 
fessor SchaafiPhausen,  as  presenting 
a  great  resemblance  to  it.    For  as 
Mr.  Huxley  has  pointed  out  (*  Natu- 
ral History  Review,'  July,  1864,  p. 
439),  *'  if  the  glabello-occipital  lines 
of  the  Dutch  and  Neanderthal  speci- 
mens be  made  to  coincide,  the  occi- 
put of  the  former  projects  back- 
wards beyond  the  superior  curved 
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Notes  and  Correspondence, 


[Oc*^ 


In  conolusion,  I  may  state  that 
on  p.  227  of  Sir  Wm.  Wilde's  book 
'  On  the  Beauties  of  the  Bojne  and 
Blackwater/  a  skull  is  figured  and 
described  as  long  and  low,  which,  so 
far  as  can  be  judged  from  the  out- 
line sketch,  presents  in  combination 
characters  which  closely  approxi- 
mate it  to  the  Neanderthal  ciunium. 
The  skeleton  of  which  this  skull 
formed  a  part  was  found  in  1821,  in 
a  gravel-pit  in  the  Island  of  Funen. 
AloDg  with  it  were  various  metallic 
articles,  a  silver  buckle,  a  spirally- 


twisted  gold  ring,  and  a  large  metal 
pan  or  kettle. 

Also,  in  the  '  Reader '  newspaper, 
23rd  July,  1864,  Mr.  Busk  states 
that  he  has  received  from  Captain 
Brome,  of  Gibraltar,  a  human  cra- 
nium which  resembles,  in  all  essen- 
tial particulars,  including  its  great 
thickness,  the  Neanderthal  skulL 
From  the  conditions  under  which  it 
was  found,  Mr.  Busk  ascribes  enor- 
mous antiquity  to  it. 

Wm.  Turner. 


On  the  Septa  and  Siphundes  of  Cephalopod  Shells,    By  Harry  Seeley,  F.G.S., 

Woodwardian  Museum,  Cambridge. 


The  last  generation  of  anatomists 
shelved  the  question  of  the  signifi- 
cance of  septa  in  Nautiloid  shells, 
by  assuming  that  the  air-chambers 
were  a  beneticent  provision  for  en»> 
bling  the  animak  to  float.  But 
though  the  specific  gravity  of  the 
mass  is  thus  altered,  that  does  not 
explain  the  physiological  meaning  of 
the  septa. 

As  tne  shells  enlarge,  the  animals 
increase  in  size,  and,  with  seldom- 
varying  regularity,  shut  off  behind 
them  chambers  which  steadily  en- 
large with  the  whorls.  Only  near 
the  end  of  the  series  are  the  ceUs 
less  uniform,  where  in  the  adult  the 
last  one  is  conspicuously  shallow. 
And  as  the  chambers  are  always 
empty,  the  animal  must  have  moved 
forward,  leaving  a  vacant  space  be- 
hind ;  so  the  question  to  be  solved 
is,  why  did  the  creature  always 
make  the  septa  shut  off  spaces 
which  progressively  enlarged  ? 

In  certain  Gasteropod  shells  there 
is  something  analogous.  The  genera 
Mures,  Triton,  Ranella,  for  instance, 
after  making  their  shells  uniformly 
for  a  third  or  half  of  a  whorl,  then 
begin  thickening  the  lip  into  a  variz 
— rarely  with  the  least  want  of  regu- 
larity. In  other  genera,  as  Bulimus, 
Conus,  Turritella,  species  or  speci- 
mens are  found  with  the  earlier  part 
of  the  spire  partitioned  off.  The 
same  phenomena  of  varices  is  seen 


in  many  bivalves ;  and  a  process  of 
shutting  off  air-cells  in  the  lower 
valve  is  characteristic  of  several 
oysters. 

As  the  shell  of  an  animal  is 
moulded  on  its  body,  I  suppose 
these  cells  in  the  abdominal  {mrt  of 
an  oyster-shell  to  indicate  that  the 
animal  gets  periodically  larger  and 
then  smaller.  Covering  the  visceral 
region  are  the  white  parts  of  the 
mollusc,  the  ovaries,  and  these  pe- 
riodically thicken  the  body ;  the 
lips  then  in  enlarging  the  shell  will 
make  it  more  concave,  and  when  the 
ovaries  are  empty  there  will  remain 
a  vacancy  under  the  ovary  like  a 
water-cell,  which  the  abundant  na- 
creous secretion  soon  shuts  off. 
Moreover,  the  ovaries  are  the  exte- 
rior parts  of  the  organism  adjacent 
to  the  shell. 

In  Gasteropods,  as  the  upper  part 
of  the  spire  contains  the  liver,  simi- 
lar results  cannot  be  looked  for  in 
their  reproduction ;  but  the  ovaries 
being  placed  in  the  middle  of  the 
body,  and  provided  with  oviducts, 
often  of  great  size,  an  enlargement 
of  the  wnorl  must  take  place  by 
growth  at  the  lip  of  the  mouth  till 
the  mollusc  attains  its  full  size. 
And  that  this  is  not  merely  needed 
to  accommodate  the  body  of  the 
animal  may,  I  think,  be  seen  by 
noticing  how  far  Helices  which  have 
laid   their    eggs   retire   from  the 
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mouthfl  of  their  shells.  And  the 
varices  of  shells  appear  to  be  owing 
to  a  cessation  of  reproductive  en- 
largement in  the  animal,  and  hence 
the  mantle  accumulates  its  secretion 
in  a  thickening  at  the  lip. 

Now,  on  examining  a  nautilus- 
shell,  two  large  muscles  are  seen  to 
have  been  placed  in  the  lower  part 
of  the  body-chamber,  and  connected 
round  the  involute  spire  by  a  nar- 
rower muscle ;  an  arrangement  to 
which  the  shell  may  owe  its  invo- 
lute form.  Beneath  the  muscles 
are  the  liver  which  overlaps  the 
spire,  the  ovaries  which  abut  on  a 
large  part  of  the  septum,  and  cer- 
tain digestive  organs  above  these. 
Before  any  new.  chamber  can  be 
made,  the  shell -muscles  must  have 
moved  forward  ;  and  before  any  in- 
crease in  the  ovaries  can  take  place, 
a  space  must  be  formed  behind.  As 
the  animal  steadily  grows,  all  its 
organs  would  enlarge,  and  with  each 
successive  brood  the  distended 
ovaries  would  require  more  space. 
There  is  a  similar  gradual  increase 
in  the  size  of  the  air-chambers. 
And  since  the  development  of  ova 
would  necessitate  a  forward  growth 
of  the  mollusc,  tlic  di8chai*ge  of  the 
ovaries  would  leave  an  empty  space 
behind,  into  which  the  creature 
could  not  retire,  which  would  then 
be  shut  off  by  a  septum  moulded 
on  the  animal's  body ;  and  it  may 
be  worth  notice  that  at  the  place  of 
the  flaccid  ovaries,  both  at  the  sides 
and  outer  part  of  the  shell,  the  sep- 
tum extends  far  forward. 

The  Argonaut  similarly  accumu- 
lates its  egss  in  the  involute  part 
of  the  shell,  out  not  being  attached 
to  it,  does  not  form  septa. 

In  the  male  nautilus  the  testes 
are  placed  in  exactly  the  same  posi- 
tion as  the  ovaries  of  the  female, 
and,  excepting  the  liver,  are  the 
largest  organ  in  the  bodv.  It  may 
therefore  be  concluded  that  the  de- 
velopment of  the  male  organs  would 
produce  results  similar  to  those  in 
the  other  sex,  and  likewise  end  in 
the  formation  of  chambers. 

There  are  no  other  organs  of  the 


body  which  are  liable  to  periodic 
changes  in  size ;  and  therefore  as 
the  position  and  progressive  en- 
largement with  age  of  the  genera- 
tive apparatus  necessitate  results 
like  those  seen  in  the  chambers  and 
septa,  I  regard  one  as  the  cause  of 
the  other. 

If  this  is  the  significance  of  septa 
in  the  nautilus^  the  same  must  be 
said  of  all  nautiloid  shells,  and  the 
families  of  Ammonites  and  Ortho- 
ceratites;  and  as  the  structure  of 
the  phragmacone  of  Belemnites  is 
essentially  similar,  it  must  also  be 
applied  to  such  debranchiate  shells 
as  are  chambered.  Among  these  is 
the  Spirula,  connected  with  a  shell 
essentially  like  a  nautilus  shell. 
Professor  Owen  describes  the  greater 
part  of  the  animal  as  in  front  of  a 
shell  that  is  enclosed  by  a  protect- 
ing lappet  on  each  side,  which  is 
regarded  as  an  ovary.  Though  this 
is  different  from  the  arrangement 
in  the  nautilus  there  need  be  no 
discordancy,  for  as  the  animal  is 
not  contained  within,  but  overgrows 
its  shell,  so  ovaries  would  be  ex- 
pected to  extend  beyond  the  rudi- 
mentary shell ;  but  ^om  the  defect 
of  specimens,  I  can  offer  nothing 
but  analogy  on  behalf  of  the  homo- 
logy of  the  two  sets  of  chambers. 

In  the  sepia  the  ink-bag  and  ova- 
ries are  placed  at  the  end  of  the 
animal*s  body  just  in  front  o£  the 
mnoro  of  the  shell ;  and  in  the  Be- 
lemite  the  ink-bag  is  found  just 
above  the  phragmacone. 

Connectmg  the  chambers  is  the 
tube  known  as  the  sip  unde  running 
through  every  septum  to  the  first, 
but  not  through  the  nidamental 
capsule.  In  the  nautilus  it  is  often 
but  partly  calcified ;  it  changes  its 
position  in  different  genera ;  and  in 
some  fossil-forms,  as  the  sub -genera 
of  Orthoceras,  is  large  and  compli- 
cated, being  sometimes  radiated 
like  a  coral,  and  perforated  by  an 
inner  tube. 

Seeing  the  extreme  elasticity  of 
many  membranes  of  invertebrata, 
as,  for  instance,  the  oral  membrane 
of  a  sturfish,  I  would  also  point 
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out  that  when  ova  were  discharged 
by  the  nautilus  there  must  have 
remained  the  empty  membrane, 
whioh  being  attached  to  the  base 
could  not  but  contract  into  a  tube 
smaller  or  larger  according  to  its 
tenuity  or  vascularity.  The  fine 
siphuncle  of  the  nautilus  would  in- 
dicate a  single  highly  contractile 
membrane  ;  the  large  siphuncle  of 
Actinooeras  may  indicate  two  or 


three  membranes  contracting  differ- 
ently. 

And  the  conclusion  from  these 
considerations  is  that  the  chief 
fossil  genera  of  cephalopoda  are 
based  on  slight  modifications  of  the 
reproductive  apparatus,  "which  have 
produced,  in  their  many  beautiful 
and  complex  variations,  the  septa 
siphundes  of  the  NautUus  and  its 
aliies. 

Harrt  Sbelst,  F.G.S. 


On  the  Existence  of  the  Reindeer  and  Aurochs  in  France  during  the  Historic 

Period.    By  the  Eev.  C.  W.  Kett,  M  JL. 


Ik  some  remarks  upon  flints  and 
carved  bones  and  horns  found  in 
the  grottos  of  P6rigord,  in  the 
number  of  '  The  Quarterly  Journal 
of  Science '  for  July,  p.  579,  these 
implements  are  stated  to  prove 
the  existence  of  the  reindeer  in 
the  centra  of  France  in  prehistoric 
times,  and  from  the  carving  on 
them  to  give  the  impression  that 
aurochs  aSiso  existed  then  in  the 
same  country.  Your  correspondent 
does  not  seem  to  be  aware  that  both 
these  animals  existed  in  historic 
times ;  that  Csasar  describes  an  ani- 
mal which  has  been  taken  by  scho- 
lars to  represent  the  reindeer,  and 
that  he  mentions  the  aurochs  * 
(urus)  by  name.  The  description  of 
Caosar  certainly  shows  that  he  had 
never  seen  these  animals,  but  that  he 
had  gathered  his  information  from 
others;  in  fact  he  brings  forward 
this  description  in  a  part  of  his 
work  in  wnich  he  contrasts  what 
he  has  heard  of  the  different  nations 
of  the  Gauls  and  Germans.  I  can- 
not think,  however,  that  this  en- 
tirely invalidates  his  testimony,  as 
he  appears  to  have  seen  the  horns 
and  neard  of  the  hunting  exploits 
of  the  young  Gauls  of  his  day. 
Thinking  your  readers  may  be  in- 
terested in  CsBsar's  own  description, 
I  annex  a  translation  of  the  two 
chapters  alluded  to,  *  De  Bello  Gal- 
lico,'  lib.  vi.  cc.  26,  28. 

*  German  Avuer-ochs^  heath  or  wild 
ox. 


"There  is  an  ox  (bos)  with  the  form 
of  a  stag,  and  from  the  middle  of 
its  forehead  between  the  ears  one 
horn  stands  up,  higher  and  straighter 
than  those  horns  which  are  known 
to  us.  From  the  end  of  it  branches 
like  palms  {palmae)  spread  out  very 
widely.  The  male  and  female  are 
alike,  and  the  shape  and  size  of 
their  horns  the  same." — C^esab  :  Dt 
Bell  QaM.  lib.  vi.  c.  26. 

**^  The  third  is  a  kind  of  them  which 
are  called  aurochs  (uri).    These  are 
of  a  size  little  less  than  elephants  ; 
in    appearance,   colour,   and    form 
they     are     bulls     (taurt).       Their 
strength  is  great  and  so   is  their 
pace,    and,  when   they  have  seen 
them,  they  spare  neither  man  nor 
beast.     A  good  deal  of  trouble  is 
taken  to  catch  and  kill  these  in 
pitfalls.    In  this  work  the  young 
men  harden  themselves,  and  they 
exercise  themselves  in  this  kind  of 
hunting,  and  those  who  kill  most 
of  them  bring  their  horns  as  a  pub- 
lic testimony,  and  in  this  way  ob- 
tain much  honour.    Even  if  they 
catch  them  very  young,  they  can- 
not accustom  them  to  man  or  make 
them  toward.    The  size,  form,  and 
appearance  of  their  horns  differ  a 
good  deal  from  our  oxen.   They  are 
very  careful  to  tip  the  Ups  with 
silver,  and  then  thiey  use  them  at 
their  grand  feasts." — CiSS.:  De  BeU, 
GaU.  Ub.  vi.  c.  28. 

The  word   ftos,  here   translated 
"  ox,"  is  used  of  all  kinds  of  homed 
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aTiimalfl,  and  even  for  elephants. 
Falmoe  has  been  variously  trans- 
lated, the  palms  of  the  hand,  the 
branches  of  the  palm-tree,  and  the 
blades  of  oars.  But  whatever  ex- 
planation we  put  upon  these  words, 
the  whole  description  has  usually 
been  referred  to  the  reindeer,  and 
has  been  so  understood  by  Guvier, 
Buffon,  and  Beckman.  The  single 
horn,  of  course,  is  a  mistake,  though 
one  that  is  common  enough.  Some 
writers  still  assert  that  there  is 
good  evidence  of  the  existence  of 


unicorns  in  the  centre  of  Africa, 
and  although  we  wiU  not  say  that 
such  things  cannot  exist  (having 
the  fear  of  the  author  of  the  *  Water 
Babies '  before  our  eyes),  still  Caesar 
is  as  likely  to  have  been  mistaken 
in  this  matter  as  in  the  assertion 
he  makes  in  the  following  chapter, 
that  the  elk  cannot  bend  its  legs  or 
get  up  when  once  thrown  down, 
whilst  he  is  true  as  regards  the  main 
facts  of  existence  of  the  animals  in 
France  in  historic  times. 

C.  W.  Kbit. 


THE  GOLD  MEDALLISTS  OF  THE  SCIENCE  EXAMINA- 
TIONS, MAY,  1864,  AND  SCIENCE  INSTKUCTION  BY 
THE   STATE. 

We  have  great  pleaenre  in  publishing,  as  conspicuously  as  we  are  able, 
the  names  of  those  Students  of  the  Classes  who,  to  their  honour,  suc- 
ceeded in  obtaining  the  Gold  Medals  at  the  recent  (May)  examinations 
of  the  Science  and  Art  Department.  The  names  in  italics  are  those 
of  Middle  Class  Students  who  obtain  Honorary  Certificates  instead  of 
Medals. 


Name  of  QoU 
MetalUst. 

John  B.  Baker 


Age. 
18 


Residence. 
Chester 


Teacher. 
E.  A.  Dayidson. 


Edward  Richards 
John  G.  Anderton 

John  W,  Judd 
William  Bakr 

Alfred  H,  Allen 
John  Connolly 

John  W,  Judd 
Henrt  Anoel 


19 
20 

24 
19 


London 


Isabella  Maffett    22    Belfast 


John  W.  Judd 
Oeorge  J.  Snelua 


Sntiject. 

Geometry,  Mechanical 
Drawing,  and  Building 
Construction. 

Theoretical   and   Applied     R.  Straughan. 
Mechanics. 

Birmingham     Acoustics,    Light,    Heat,     0.  J.  Woodward. 
Mi^etism,  and    Elec- 
tricity. 

London  Ditto         ditto  Self-taught. 

Glasgow  Inorganic    and     Organic    Dr.  F.  Penny. 

Chemistry. 

18    Sheffield  Ditto         ditto 

22     Cork    Road,     Geology  and  Mineralogy 
Bandon. 

DiHo         ditto 

Animal  Physiology  and 
Zoology. 

Vegetable        Physiology,     R.  Tate, 
Economic  and  System- 
atic  Botany. 

Ditto         ditto  Self-taught, 


24 
20 


London 
Islington 


Self-taught, 
Self-taught. 

Ditto. 

J.  Howard. 


24 
26 


London 


Macclesfield      Physical  Geography  —  Hewitt, 

The  Department  of  Science  and  Art  also  grants  Silver  and  Bronze 
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"  Queen's  Medals,"  (as  these  rewards  are  termed,)  to  snccessfol  com- 
petitors at  the  Aimnal  Examinations ;  but,  for  the  names  of  these,  we 
must  refer  our  readers  to  the  published  Beport  of  the  Department. 

From  the  last  Eeport  it  appears  that  the  number  of  Science 
Classes,  Teachers,  and  Students  is  on  the  increase,  and  it  was  our 
intention  to  deyote  an  article  in  our  present  number  to  the  question  of 
the  extension  of  Science  instruction  as  it  is  undertaken  hj  the  State — 
to  the  relations,  in  fact,  of  the  Department  of  Science  and  Art  to  the 
community  at  large. 

The  Eeport  has,  however,  been  so  recentiy  issued,  and  so  many 
grave  questions  are  involved,  that  we  must  for  the  present  defer  the 
consideration  of  the  subject. 

We  hope,  however,  shortiy  to  be  able  to  deal  with  the  matter  in 
an  impartial  spirit,  and  all  communications  which  we  may  receive 
from  Science  Teachers,  or  the  promoters  of  Science  Glasses  in  regard 
to  the  working  of  their  Schools,  or  the  operation  of  the  various 
"  Minutes "  which  have  from  time  to  time  been  issued  by  the  Com- 
mittee of  Council  on  Education,  will  receive  our  earnest  consideration. 
Such  communications  will  enable  us  to  arrive  at  correct  conclusions, 
and  to  reflect  the  opinion  of  a  large  body  of  hard-working-men  of 
Science,  who,  as  far  as  we  know,  possess  no  other  suitable  medium  for 
the  expression  of  their  views  on  matters  connected  with  their  material 
interests. 
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From  Mettn.  Longman  4t  Co*  • — 

SiOHT  AND  Touch  :  an  Attempt  to  Disprove  the  BeoeWed  (or  Berkeleian) 

Theory  of  Vision.     By  Thomas  K.  Abbott,  M.A.,  Fellow  and  Tutor  of 

Trinity  College,  Dublin. 
The  Lnnsf  Tbade,  Ancient  and  Modem.    By  Alex.  J.  Warden,  Merchant, 

Dmidee. 
Pasbages  fbom  the  Life  of  a  Philosopheb.     By  Oharles  Babbage,  MA^ 

FJl.a 
Ok  the  Afflioation  of  Oast  and  Wbouqht  Iron  to  Bdildino  Pcbposeb. 

Bv  William  Fairbaim,  C.E.,  F.B.S ,  F.O.S.     8rd  edition.     To  which  is 

added,  A  Short  Treatise  on  Wrought-Iron  Bridges. 

From  Messrs.  Trubner  &  Co. : — 

Orqanio  PniLoeopHT;  or,  Man*s  True  Place  in  Nature.  Vol.  I.  Epicoo- 
mology.    By  Hugh  Doherty,  M.D. 

From  Messrs.  Loekwood  &  Co.: —  ^ 

A  Seudeb  of  Metric  Tables,  in  which  the  British  Standard  Measures  and 
Weights  are  compared  with  those  of  the  Metric  Sjrstera  at  present  in  use 
on  the  Continent.    By  Oharles  Hutton  Dowling,  0.£. 

From  Messrs.  8impki%  Marshall^  <f;  Co.: — 

General  and  Concise  History  and  Description  of  the  Town  and  Port 
OF  KiNOffTON-UFON-HuLL.  By  Jamos  Joseph  Sheahan,  Author  of  Histories 
of  Cambridgeshire,  Oxfordshire,  &c.  &c  &o. 

From  the  AtUhors : — 

Rambles  in  Search  of  Flowerless  Plants.  By  Margaret  Plues.  ('Journal 
of  Horticulture'  Office;  and  Houlston  &  Wright.) 

Bhopalogeba  Africje  ArBTRALis.  A  Oatalogue  of  South  African  Butter- 
flies; comprising  Descriptions  of  all  the  Known  Species,  with  Notices  of 
their  Larvee,  Pupie,  Localities,  ftc.  &c.  By  Roland  Trimen,  Mem.  Ent  Soc 
London.  Part  I.  Papilionidn,  Pieridie,  DanaidaB,  AcrsBidsB,  and  Nympha- 
lidoa.    (Cape  Town :  Mathew,  George  Street.) 

Phxlologioal  Papers,  comprising  Notes  on  the  Ancient  Gothic  Language. 
Parts  L  and  H.  Sanscrit  Roots  and  English  Derivations.  By  J.  A.  ricton, 
F.S.A.,  President  of  the  Liverpool  Literary  and  Phil.  Society.  Also,  A 
Chapter  on  the  Piiilology  of  Architectural  Terms.  (Liverpool :  BiakelL) 
(For  private  distribution  only.) 

The  Stijdt  of  the  Physical  Sciences  :  their  Value  in  Education,  and  the 
Part  they  play  in  advancing  the  Civilization  of  Mankind.  An  Essay.  By 
George  D.  Wood.    (London :  F.  W.  Calder.) 

PAMPHLETS,  EEPEINTS,  LECTUEES,  ADDEESSE8,  i&c. 

On  the  Microscopical  Structure  of  the  Mount  Sorrel  Syenite.     By 

H.  C.  Sorby.  Fja.8.,  F.G.S. 
On  the  Chronological  Value  of  the  New  Red  Sandstone  System  of 

Devonshire.    By  W.  Pengelly,  F.R.S.,  Ac 
Elementary  Inquiry  into  the  Laws  of  the  Conduction  of  Heat  on 

Bars,  and  into  the  CoNiHicrriNO  Power  of  Wrought  Iron.     By  James 

D.  Forbes,  LL.D.,  D.C.L.,  F.B.S.,  &c 
TOL.  I.  8  F 
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